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ANNOUNCEMENT 


THE  SEVENTEENTH  ANNUAL  MEETING  of  the 
Illinois  Society  of  Engineers  and  Surveyors  will  be  held  at  Joliet, 
Illinois,  January  22,  23  and  24,  1902.  An  interesting  program  will 
be  arranged  and  it  is  hoped  that  all  members  will  attend. 

Chairmen  of  Committees  should  arrange  at  once  with  mem- 
bers of  their  committees  and  others  for  papers  for  the  annual 
meeting. 

Members  will  assist  the  Society  by  patronizing  the  firms  whose 
advertisements  appear  in  this  Report. 


xo  Illinois  Society  of  Engineers  and  Surveyors. 

On  motion  of  Prof.  A.  N.  Talbot  the  matter  was  referred  to  a 
committee  of  three  to  report  at  the  session  of  January  24.  The 
President  appointed  Messrs.  W.  H.  Herron,  and  W.  A.  Hay,  and 
Prof.  I.  O.  Baker. 

Upon  recommendation  of  Prof.  I.  O.  Baker,  Mr.  S.  S.  Greeley 
was  elected  an  honorary  member  of  the  Society. 

On  recommendation  of  Mr.  J.  H.  Burnham,  a  committee  of 
three  was  appointed  to  nominate  officers  of  the  Society. 

The  topic  "Advantages  and  Values  of  Fillers  for  Brick  Pave- 
ments" was  discussed  by  Messrs.  W.  H.  Tarrant,  H.  G.  Paddock, 
H.  E.  Beasley,  and  Profs.  I.  O.  Baker  and  A.  N.  •Talbot. 

Adjourned  until  8  o'clock  P.  M. 

January  23,  1901.     Evening  Session. 

The  report  of  the  Committee  on  Roads  and  Pavements  was  read 
by  W.  H.  Tarrant,  chairman  of  the  Committee.  Report  was  dis- 
cussed by  Mr.  J.  H.  Burnham. 

A  paper  entitled  "Cost  of  Wagon  Transportation"  by  I.  O. 
Baker  was  read  by  the  author. 

The  President  introduced  Mr.  H.  H.  Gross  of  the  Road  Inquiry 
Office  of  the  Department  of  Agriculture  and  gave  him  the  privilege 
of  the  floor. 

The  paper  was  discussed  by  Messrs.  S.  A.  Bullard,  J.  H.  Bum- 
ham,  H.  H.  Gross,  Prof.  M.  S.  Ketchum,  and  the  President. 

A  paper  entitled  "Expenditures  for  Earth  Roads"  by  I.  O. 
Baker  was  read  by  the  author.  Following  this  was  a  general  dis- 
cussion on  the  question  of  country  roads.  This  included  the  topics 
"What  Improvements  are  Practical  in  Road  Administration,"  "What 
can  be  done  to  Improve  Common  Earth  Roads,"  and  "Is  Legislation 
Needed  in  Illinois  Permitting  State  Aid  for  Hard  Roads?"  The 
discussion  was  made  by  Messrs.  J.  H.  Burnham,  P.  C.  Knight,  H. 
H.  Gross,  E.  E.  R.  Tratman,  and  Profs.  I.  O.  Baker  and  M.  S. 
Ketchum. 


Proceedings  of  Blooiiington  Meeting.  ii 

A  paper  entitled  "Hard  Roads  of  McLean  County"  by  A.  H. 
Bell  was  read  by  the  author.  It  was  discussed  by  Messrs.  H.  H. 
Gross,  J.  A.  Harman,  J.  G.  Melluish,  and  Prof.  I.  O.  Baker. 

January  24,  1901.     Morning  Session. 
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A  paper  by  W.  H.  Tarrant  entitled  "Modern  Brick  Pavements 
was  read  bv  the  author. 

The  report  of  the  Committee  on  Sanitar}^  Legislation  was  pre- 
sented by  D.  W.  Mead,  chairman  of  the  Committee.  It  was  as 
follows : 

To  the  Members  of  the  Illinois  Society  of  Engineers  and  Surveyors: 

Gentlemen:  The  legislature  has  not  been  in  session  the  last  year 
and  the  Committee  has  done  nothing  with  the  question  of  sanitary  legis- 
lation. It  is  suggested  that  the  Committee  be  given  the  opportunity  for 
presenting  a  bill  similar  to  that  previously  presented.  A  new  Committee 
might  be  appointed  to  formulate  the  vi<ews  of  the  Society  for  action  at 
this  session  of  the  legislature.  It  is  further  suggested  that  it  would  not 
be  well  to  present  too  much  at  this  session  of  the  legislature,  but  the  new 
Committee  would  carry  out  the  ideas  of  the  Society  in  this  regard. 

D.  W.  Mead, 
L.  E.  Fischer, 
J.  H.  Burn  HAM, 

Committee. 

The  Committee  on  Geological  Survey,  which  was  appointed  at 
the  afternoon  session  of  January  23,  made  the  following  report : 

To  the  Members  of  the  Illinois  Society  of  Engineers  and  Surveyors: 

Gentlemen  :     It  is  proposed  that  the  State  of  Illinois  co-operate  with 

the  U.  S.  Geological  Survey  in  making  a  topographic  map  of  the  State 

under  the  following  plan:     that  the  U.  S.  Geological  Survey  will  expend 

an  amount  equal  to  that  of  Illinois. 

The  money  furnished  by  the  State  and  also  about  sixty  per  cent,  of 

the  federal  appropriation  to  be  expended  for  the  subsistence  of  field  parties 

and  for  services  of  temporary  employes,  residents  of  the  State. 

The  U.  S.  Geological  Survey  is  now  co-operating  on  this  basis  with 

Maine,  New  York,  Pennsylvania,  Maryland,  Alabama  and  Ohio. 
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A  topographic  map  would  be  of  great  value  to  the  engineer: 

Ist.  To  enable  him  to  easily  determine  the  exact  location  of  water 
sheds  for  drainage  purposes  and  water  supply. 

2nd.    In  the  investigation  of  questions  relating  to  water  power. 

3rd.     In  planning  drainage  systems. 

4th.  In  the  economic  location  of  public  highways,  electric  railroads, 
etc. 

5th.  In  representing  the  natural  undulations  of  the  surface  as  show- 
ing the  quality  and  value  of  the  land. 

6th.    In  studying  the  question  of  water  pollution  and  filtration. 

7th.  And  in  the  study  of  any  problem  which  is  influenced  by  sur- 
face configuration. 

Where  such  maps  exist  they  are  in  constant  use,  not  only  by  engi- 
neers, but  by  all  classes  of  citizens. 

Co-operation  with  the  U.  S.  Geological  Survey  would  be  of  importance 
to  the  State,  not  only  as  to  the  amount  of  money  appropriated  by  the 
United  States,  but  also  in  saving  the  large  expenditure  necessary  in  train- 
ing a  corps  of  topographic  engineers,  and  in  saving  the  money  required 
to  equip  and  maintain  an  engraving  and  printing  establishment,  and  also 
the  cost  of  administration  of  the  whole  survey. 

Therefore  we  recommend  that  the  Illinois  Society  of  Engineers  and 
Surveyors  petition  the  present  State  legislature  to  make  an  appropria- 
tion of  $20,000  per  annum  for  the  above  purpose. 

And  we  further  recommend  that  the  individual  members  use  their 
personal  efforts  to  secure  the  enactment  of  such  legislation. 

We  also  recommend  that  the  Society  secure  copies  of  the  paper 
recently  presented  to  this  Society  by  Wm.  H.  Herron.  for  the  use  of 
members  in  this  connection. 

We  further  recommend  that  the  Secretary  be  directed  to  have  printed 
copies  of  this  resolution  for  the  members  of  this  Society. 

I.  O.  Baker, 
W.  A.  Hay, 
Wm.  H.  Herron, 

Committee. 

The  report  was  discussed  by  Mr.  J.  W.  Alvord. 

The  report  of  the  Committee  on  Architecture  was  read  by  S. 
A.  Bullard,  chairman  of  the  Committee. 

Upon  recommendation  of  Prof.  I.  O.  Baker,  Mr.  George  H. 
Frost  was  elected  an  honorary  member  of  the  Society. 
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A  proposed  bill  for  the  licensing  of  land  surveyors  was  pre- 
sented by  H.  G.  Paddock.  He  moved  that  the  bill  be  referred  to 
a  committee  of  five  to  report  at  some  future  time  during  the  meet- 
ing. 

The  motion  was  carried  and  the  President  appointed  Messrs. 
J.  G.  Melluish,  S.  S.  Greeley,  H.  G.  Paddock,  and  W.  A.  Hay,  and 
Prof.  A.  N.  Talbot. 

The  following  resolution  was  read  by  J.  A.  Harman : 

Whebeas,  The  permanent  improvement  of  the  main  public  high- 
ways is  demanded  by  the  highest  social,  educational,  and  economic  rea- 
sons, and 

Whereas,  Such  highway  improvement  would  be  of  great  and  lasting 
benefit  to  all  the  people  and  be  an  important  factor  in  the  highest  and 
best  development  of  citizenship. 

Resolved,  That  Jt  is  the  sense  of  this  Society  that  txie  following 
would  be  a  wise  precedent.  The  State  should  assume  and  pay  from  gen- 
eral taxation  a  fair  and  equitable  proportion  of  the  cost  of  any  permanent 
improvement  placed  upon  the  highways  of  the  State  of  Illinois,  provided 
that  an  acceptable  plan  be  devised  for  distributing  the  cost  between  the 
State,  the  County,  the  Township  and  the  contiguous  property  benefited. 
Be  it  further 

Resolved,  That  it  is  the  sense  of  this  Society  that  the  initiative  for 
any  permanent  improvement  shall  rest  with  the  people  of  the  locality 
in  whicn  the  improvement  is  to  be  made  and  that  the  maintenance  of 
the  roads  shall  be  carefully  provided  for. 

The  resolution  was  adopted. 

It  was  moved  by  Mr.  D.  W.  Mead  that  all  the  matters  of  spe- 
cial legislation  be  referred  to  a  committee  of  five. 

The  motion  was  carried  and  the  President  appointed  Messrs. 
D.  W.  Mead,  J.  W.  Alvord,  J.  L.  Clark,  J.  H.  Bumham  and  P.  C. 
Knight. 

The  report  of  the  Committee  on  Paving  Brick  Specifications 
was  read  bv  A.  N.  Talbot,  chairman  of  the  Committee.  It  was 
discussed  by  Messrs.  D.  W.  Mead,  J.  A.  Harman,  H.  H.  Gross, 
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and  J.  H.  Buraham.  A  part  of  the  report  was  adopted,  the  remain- 
der was  referred  back  to  the  Committee  for  further  consideration. 

The  topic  "In  Adopting  Old  Comers  Not  Made  by  the  Govern- 
ment Surveyors,  What  is  the  Maximum  Allowance  to  be  Made  for 
Errors  in  Alinement  and  Bearing,"  was  discussed  by  Messrs.  J.  L. 
Clark  and  H.  G.  Paddock  and  Prof.  M.  S.  Ketchum. 

A  paper  entitled  "Results  of  the  License  Law  for  Architects  in 
Illinois"  by  N.  C.  Ricker  was  read  by  the  author.  It  was  dis- 
cussed by  Mr.  Fridolin  Oswald. 

Adjourned  until  8  o'clock  P.  M. 

January  24,  1901.    Excursion. 

At  I  o'clock  P.  M.  the  members  of  the  Society  started  on  a 
trip  of  inspection  in  special  cars  provided  by  the  Bloomington  & 
Normal  Electric  Ry.  Co.  The  city  water  and  tjlectric  light  plant, 
the  Chicago  &  Alton  Co.'s  shops,  and  the  Central  Heating  Plant 
were  visited. 

January  24,  1901.    Evening  Session. 

The  Committee  on  Nominations  made  the  following  recom- 
mendations: For  President,  H.  G.  Paddock,  for  Vice-President, 
Emil  Rudolph,  for  Trustees,  P.  C.  Knight  and  J.  H.  Melluish.  The 
Committee  also  recommended  that  Joliet  be  chosen  as  the  place  for 
the  next  meeting. 

The  members  nominated  were  elected  bv  ballot.  On  motion  it 
was  decided  that  the  next  meeting  be  held  at  Joliet. 

A  paper  entitled  "The  Effect  of  Curvature  on  the  Strength  of 
Machine  Parts"  was  read  by  title. 

The  report  of  the  Committee  on  Railroads  was  read  by  E.  E.  R. 
Tratman,  chairman  of  the  Committee. 

A  paper  entitled  "Proposed  Street  Railway  Subway  System  for 
Chicago"  by  W.  H.  Rosencrans  was  read  by  Mr.  E.  E.  R.  Tratman, 
who  also  discussed  it. 
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be  Illinois  Land  Surveyors  holding  licenses  under  tixis  Act.  Examiners 
so  appointed  shall  hold  office  for  five  years,  and  until  their  successors  are 
qualified.  They  shall  take  and  subscribe  the  Constitutional  oath  or  affirma- 
tion of  office. 

Art.  4.  Whenever  any  Examiner  shall  fail  habitually  to  perform  the 
duties  of  his  office,  the  Governor  may,  at  the  request  of  a  majority  of 
the  other  Examiners,  and  on  due  evidence,  declare  the  office  of  such  Exam- 
iner vacant,  and  shall  appoint  his  successor.  All  vacancies  from  any  cause 
shall  be  filled  by  appointment  of  the  Governor,  approved  by  the  Senate,  for 
the  remainder  of  the  term. 

Art.  5.  The  Board  shall  elect  one  of  their  number  as  President,  and 
shall  elect  one  person,  who  may  be  a  member  of  the  >Board,  as  Secretary 
and  Treasurer.  They  shall  adopt  rules  of  procedure.  They  shall  meet 
each  year  once  in  the  Capital  of  the  State  and  once  in  Chicago,  and  as 
often  as  may  be  found  necessary  at  some  railroad  centre  convenient  of 
access.  At  any  meeting  except  executive  sessions  the  Board  shall  examine 
all  candidates,  who  shall  present  themselves. 

Art.  6.  The  Secretary,  before  entering  on  the  duties  of  his  office, 
shall  file  with  the  State  Auditor  a  bond  for  the  proper  performance  of  his 
duties  in  such  sum  and  with  such  sureties  as  the  Board,  with  the  approval 
of  the  Governor,  shall  fix. 

Art.  7.  The  Board  shall  adopt  and  procure  a  seal  impressing  the 
words,  "Illinois  Surveyors  Examining  Board,"  and  any  device  they  may 
select.  The  Seal  shall  be  in  the  custody  of  the  Secretary,  and  used  only 
by  him  or  under  his  direction. 

Art.  8.  Out  of  the  funds  in  the  treasury  the  Board  shall  first  pay 
the  current  expenses  of  carrying  out  this  Act.  except  their  salaries,  and 
out  of  any  remaining  funds  they  may  pay  to  each  examiner  a  sum  equal 
to  not  more  than  ten  dollars  per  day  for  the  time  necessarily  employed 
in  the  business  of  the  Board,  and  in  travel  to  and  from  its  meetings,  and 
the  expense  of  such  travel  and  attendance. 

SECTION  II. 

Article  1.  Any  citizen  of  the  United  States  of  lawful  age  and  good 
moral  character  may,  on  payment  of  ten  dollars  into  the  treasury  of  the 
Board,  present  himself  as  a  candidate  for  a  license. 

On  being  satisfied  by  affidavit,  or  other  evidence,  that  he  possesses 
those  qualifications,  the  Board  shall  examine  him  as  to  his  knowledge  of 
the  statutes  of  the  United  States  and  of  the  State  of  Illinois  relating  to  the 
surveying  and  subdivision  of  land,  practical  surveying,  the  use  and  adjust- 
ment of  surveying,  instruments,  and  of  mathematics  as  applied  to  land 
surveying. 
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for  his  witnesses,  and  shall  be  heard  in  his  defense  in  person  or  by  coun- 
sel. On  revocation  or  lapse  of  a  license  the  Secretary  of  the  Board  shall 
give  written  notice  thereof  to  the  Auditor  of  State  and  to  the  Clerk  of 
each  County,  in  which  the  said  license  has  been  recorded,  who  shall  file 
the  notice,  and  shall  mark  the  word  "Revoked"  and  the  date  of  revoca- 
tion upon  his  record  of  the  issuance  of  said  license. 

Abt.  2.  The  Secretary  of  the  Board  shall  furnish  to  any  applicant 
on  payment  of  fifty  cents  a  certificate  under  the  Seal  of  the  Board,  in 
regard  of  any  required  license  stating  the  name  and  address  of  the  person 
licensed,  and  the  date  of  issue,  and  whether  the  same  is  still  in  force;  and 
if  not  in  force,  the  date  of  its  lapse,  and  the  reason  therefor. 

SECTION  V. 

Article  1.  Each  Surveyor  licensed  shall  procure  a  Seal  impressing 
his  name  and  the  date  of  his  license,  and  the  words  "Illinois  Land  Sur- 
veyor." Every  document  issued  officially  by  him  as  such  Surveyor  shall 
be  stamped  with  his  seal.  He  shall  on  receiving  his  license  take  and 
subscribe  the  Constitutional  oath  or  affirmation  of  office,  to  be  endorsed 
on  his  license. 

Abt.  2.  Any  Illinois  Land  Surveyor  may  administer  to  any  rodman 
or  chainman  employed  with  or  by  him  on  a  survey  the  oath  or  affirmation 
for  the  proper  performance  of  his  duty;  he  may  take  the  evidence,  under 
oath  or  affirmation,  of  witnesses,  whose  evidence  may  be  useful  in  estab- 
lishing any  part  of  a  survey;  he  may  take  and  attest  by  his  seal  acknowl- 
edgment of  plats  and  other  documents  relating  to  real  estate,  in  the  man- 
ner provided  for  notaries  public. 

Art.  3.  All  surveys  and  proceedingns  of  said  surveyor  under  this 
Act  shall  be  held  to  be  prima  facie  correct,  subject  always  to  review  by 
the  courts.  All  plats  and  certificates  thereto  under  his  hand  and  seal 
shall  be  received  in  evidence  in  all  courts  in  this  State,  and  shall  be 
entitled  to  be  recorded  in  the  county  wherein  the  land  affected  thereby 
lies,  subject  always  to  the  approval  thereof  by  persons  designated  by 
law  to  examine  and  approve  plats. 

Abt.  4.  Every  Illinois  Land  Surveyor  shall  cause  his  license  to  be 
recorded  in  the  office  of  the  County  Clerk  of  every  County  wherein  he 
shall  make  any  survey,  and  shall  pay  the  Clerk  a  fee  of  fifty  cents  there- 
fore. The  failure  of  such  surveyor  to  so  fil^  his  license  for  record  shall 
be  deemed  a  sufficient  cause  for  revoking  his  license,  as  hereinafter  pro- 
vided. 

Abt.  5.  Each  County  Clerk  shall  keep  in  a  book  a  list  of  all  licenses 
so  recorded  by  him,  with  the  name  and  address  of  the  Surveyor  and  the 
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January  25,  1901.     Morning  Session. 

The  Committee  on  Matters  of  Special  Legislation  which  was 
appointed  at  the  morning  session  of  January  24,  made  the  following 
report: 

To  the  Members  of  the  Illinois  Society  of  Engineers  and  Surveyors: 

Gentlemen:  The  Committee  on  Special  Legislation  would  report 
that  they  have  considered  at  some  length  the  various  matters  which  have 
been  brought  to  the  attention  of  the  Society.  In  the  matter  of  sanitary 
legislation,  while  the  Committee  feels  the  importance  of  the  measure,  the 
time  seems  to  them  inopportune  to  bring  it  before  the  legislature,  and 
they  recommend  that  the  matter  be  dropped  for  the  present. 

In  the  matter  of  the  topographic  map  and  the  good  roads  resolution, 
the  Committee  recommends  that  both  receive  the  endorsement  of  the  indi- 
vidual members  of  the  Society.  The  members  should  take  such  steps  as 
they  may  be  able  to  personally  forward  these  things,  especially  the  mat- 
ter of  the  topographic  map.  Those  who  are  acquainted  with  members  of 
the  legislature  should  express  to  them  their  views  and  forward  a  copy 
of  the  paper  on  that  subject. 

The  Society  as  a  whole  should  confine  its  labors  largely  to  advanc- 
ing the  bill  for  licensing  land  surveyors.  The  Committee  recommends 
that  the  bill  as  presented  be  endorsed  and  that  a  Committee  consisting 
of  the  incoming  President  and  two  members,  whom  he  will  appoint,  be 
given  charge  of  it  to  forward  its  interests  and  press  it  before  the  legisla- 
ture. The  Committee  further  recommends  that  the  individual  members 
of  the  Society  take  such  steps  as  they  can  to  further  the  interests^  of  the 

bill. 

D.  W.  Mead, 

J.  W.  Alvord, 

J.  L.  Clark, 

J.  H.  Burn  HAM, 

P.  C.  Knight, 

Committee. 

On  motion  of  Prof.  M.  S.  Ketchum  the  report  of  the  Committee 
was  adopted. 

On  motion  of  Mr.  \V.  H.  Herron  the  report  of  the  Committee 
on  Topographic  Survey  was  adopted. 

A  paper  entitled  "The  Staking  Out  and  Calculation  of  Earth- 
work" bv  A.  L.  Kuehn  was  read  bv  the  author.     It  was  discussed 
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On  motion  the  thanks  of  the  Society  were  extended  to  Keuffel 
and  Esser  for  the  exhibit  made. 

The  Committee  on  Press  made  the  following  report : 

To  the  Members  of  the  Illinois  Society  of  Engineers  and  Surveyors: 

Gentlemen  :  The  Committee  on  Press  reports  that  it  has  endeavored 
to  supply  the  representatives  of  the  Bloomington  papers  with  all  the  infor- 
mation and  material  desired,  and  wishes  to  express  its  gratification  at 
the  liberal  amount  of  attention  and  space  which  these  papers  have  devoted 
to  the  proceedings  of  this  meeting.  It  is  in  this  way  that  public  under- 
standing and  appreciation  of  the  work  of  the  Engineer  is  extended. 

The  Committee  suggests  that  each  member  consider  himself  a  Com- 
mittee of  one  to  prepare  a  note  of  all  proceedings  for  the  use  of  the  local 
paper  of  his  town  or  district,  and  in  this  way  still  further  extend  the 
knowledge  of  the  public  in  regard  to  this  Society  in  particular,  and  the 

engineering  profession  in  general. 

M.  S.  Ketchum, 

E.  E.  R.  Tbatman, 

G.    A.    GOODENOUOH, 

Committee. 

The  report  of  the  Committee  on  Mechanical  Engineering  was 
read  by  Mr.  D.  W.  Mead. 

The  following  resolution  was  read  by  Prof.  A.  N.  Talbot : 

Whereas,  The  Illinois  Society  of  Engineers  and  Surveyors  has  been 
cordially  received  and  entertained  by  the  officials  and  citizens  of  Bloom* 
ington, 

Resolved,  That  the  hearty  thanks  of  the  Society  be  tendered  to  Mayor 
Thomas  and  other  city  officials  for  their  courteous  reception,  and  for  the 
use  of  the  city  hall  for  the  sessions  of  the  Society. 

That  the  very  successful  efforts  of  the  local  members  t)f  the  Society 
in  arranging  for  the  meeting  and  in  giving  the  excursion  to  the  many 
points  of  interest  are  appreciated  by  the  Society  and  its  thanks  are  hereby 
extended  to  them. 

That  the  thanks  of  the  Society  be  tendered  to  John  Eddy,  Manager 
of  the  Bloomington  and  Normal  Street  Railway  Co.;  the  Illinois  Club; 
T.  C.  Mendenhall,  Superintendent  of  Motive  Power  of  the  Chicago  and 
Alton  Ry. ;  Herman  Schmidt,  Superintendent  of  Water  Works ;  The  Bloom- 
ington Electric  Light  Co.;  and  the  City  District  Heating  Co.,  for  the 
many  courtesies  and  attentions  given  the  members  of  the  Society. 
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That  the  Society  congratulates  the  citizens  of  Bloomington  on  the 
progress  made  in  replacing  the  business  blocks  destroyed  by  fire  and 
expresses  the  hope  that  the  city  will  soon  recover  from  the  eftects  of  the 
great  fire  and  the  belief  that  the  energy  and  enterprise  shown  by  the 
citizens  will  make  Bloomington  continue  to  be  one  of  the  most  beautiful 
and  progressive  cities  of  Illinois. 

The  resolution  was  adopted. 

The  new  President  took  the  chair  and  announced  that  the 
Executive  Board  had  elected  A.  L.  Kuehn  Executive  Secretary  and 
Treasurer. 

Adjourned.  • 


CONSTITUTION  AND  BY-LAWS 


OF  THE 


ILLINOIS  SOCIETY  OF  ENGINEERS  AND  SURVEYORS. 


AS   AMBNDBD   AND  ADOPTED   AT  THE   FIFTEENTH    ANNUAL   MEETING 

HELD    AT    MOLINB.   JANUARY,    IQOG. 


CONSTITUTION. 


Article  I. — Name. 

This  Association  shall  be  called  the  Illinois  Society  of  Engineers 
and  Surveyors. 

Article  II. — Object. 

The  objects  of  this  Society  are  the  encouragement  of  profes- 
sional improvement  and  of  good  fellowship  among  its  members,  by 

I 

meetings  for  the  presentation  and  discussion  of  papers  on  scientific 
and  other  kindred  topics,  and  the  discussion  of  such  other  subjects 
as  may  be  of  interest  to  its  members ;  the  publication  of  such  parts 
of  its  proceedings  as  may  be  deemed  expedient;  and  the  collection 
and  preservation  of  books,  maps,  drawings,  and  other  articles  of 
value  to  the  professions  represented  in  its  memberships. 

Article  III. — Membership. 

Section  i.  Any  engineer,  architect,  surveyor  or  pe:  jon  directly 
engaged  in  the  designing,  construction  or  maintenance  of  engineering 
or  public  works  is  eligible  to  membership;  and  any  person  who  is 
engaged  in  the  sale  or  manufacture  of  any  supplies  or  materials  used 
in  engineering  construction  is  eligible  to  associate  membership. 

3 
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Sec.  2.  Each  candidate  for  membership  or  associate  member- 
ship shall  make  application  in  writing  to  the  Executive  Secretary  on 
a  printed  form  provided  therefor  by  said  Secretar}'.  Such  applica- 
tion shall  state  in  writing  the  name,  age,  residence,  present  occupa- 
tion and  the  nature  and  extent  of  professional  service  of  the  appli- 
cant ;  and  must  be  endorsed  by  three  members  of  the  Society.  The 
application  shall  be  accompanied  by  a  deposit  of  Three  Dollars 
($3.00)  to  be  applied  on  account  of  the  admission  fee,  if  the  appli- 
cant be  elected,  or  refunded  if  he  be  not  elected. 

Sec.  3.  Whenever  any  application  for  membership  shall  be 
received  by  the  Secretary,  a  copy  thereof  shall  be  submitted  to  the 
members  of  the  Executive  Board  within  one  month  from  date  of  the 
receipt  of  the  same. 

It  shall  be  the  duty  of  each  member  of  the  Executive  Board 
within  ten  (10)  days  from  the  receipt  of  any  such  application,  to 
send  his  vote  upon  the  electing  of  such  person  to  membership  to  the 
Executive  Secretary.  Provided,  that  any  applications  received  with- 
in two  (2)  months  immediately  preceding  any  regular  meeting  of 
the  Society  shall  be  submitted  by  the  Secretary  of  the  Executive 

m  mm 

Board  at  its  session  immediately  preceding  such  meeting  of  the 
Society.  Four  (4)  affinnative  votes  shall  elect  such  person  to  mem- 
bership. 

The  Executive  Secretary  shall  include  in  his  report  to  the  Society 
the  names  and  postoffice  addresses  of  all  persons  elected. 

Sec.  4.  Any  person  may  be  elected  an  honorary  member,  by  a 
unanimous  ballot  of  all  the  members,  not  less  than  twenty  in  number, 
present  at  any  regular  meeting  of  the  Society. 

Honorary  members  may  present  papers  and  take  part  in  all 
discussions,  and  shall  be  entitled  to  receive,  on  request  made  in  writ- 
ing each  year,  copies  of  the  annual  report  of  the  proceedings  of  the 
Society,  but  they  need  pay  no  initiation  fee  nor  dues,  and  shall  have 
no  vote. 

Sec.  5.  Any  three  members  may  present  to  the  Executive  Board 
charges  in  writing  affecting  the  moral  or  professional  character  of 
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any  member,  whereupon  the  said  Board  shall  notify  the  member  of 
such  charges,  and  shall  appoint  a  time  and  place  at  which  the  accusers 
and  the  accused  may  be  heard.  On  an  affirmative  vote  of  at  least 
four  members  of  the  Board,  the  charges  shall  be  presented  to  the 
Society  as  soon  as  it  shall  be  in  session,  all  parties  being  duly  notified, 
and  having  opportunity  to  be  heard.  On  an  affirmative  vote  of  three- 
fourths  or  more  of  the  members  present,  said  affirmative  vote  being 
not  less  than  eighteen  in  number,  said  member  shall  be  expelled,  and 
his  name  shall  be  struck  from  the  roll ;  but  no  public  notice  of  such 
proceedings  shall  be  given. 

Sec.  6.  The  annual  assessment  shall  be  due  and  payable  in 
advance,  and  no  publications  of  the  Society  shall  be  forwarded  to 
any  member  till  such  annual  dues  be  paid. 

Any  member  who  shall  refuse  or  neglect  for  one  year  after  the 
annual  meeting  to  pay  any  dues  or  assessment  due  from  him,  shall 
cease  to  be  a  member,  and  his  name  shall  be  struck  from  the  roll. 
He  may  be  reinstated  on  payment  of  the  sum  so  due  and  of  all  further 
sums  which  would  have  been  due  from  him  had  he  remained  a  mem- 
ber up  to  the  time  of  such  reinstatement. 

Article  IV. — Officers. 

Section  i.  The  officers  of  this  Society  shall  be  a  President,  a 
Vice-President,  an  Executive  Secretary-Treasurer  and  Board  of 
Trustees.  The  above  named  officers  shall  constitute  the  Executive 
Board,  of  which  the  President  shall  be  ex-officio  chairman,  and  the 
Executive  Secretary  ex-officio  Secretary. 

Two  Trustees  shall  be  elected  annually  and  hold  office  for  two 
years. 

Sec  2.  All  officers  except  the  Executive  Secretary-Treasurer 
shall  be  elected  annually  by  ballot  by  the  members,  on  the  second  day 
of  the  annual  meeting,  and  shall  hold  office  until  their  successors  are 
elected  and  qualified. 

The  Executive  Secretary-Treasurer  shall  be  elected  annually  by 
the  Executive  Board. 
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Sec.  3.  The  President,  Vice-President,  Executive  Secretary- 
Treasurer,  shall  perform  the  duties  usually  pertaining  to  their  sev- 
eral offices.  The  Executive  Secretary-Treasurer  shall  be  the  cus- 
todian of  all  property  of  the  Society,  and  shall  deliver  all  such  prop- 
erty to  his  successor,  and  shall  make  an  annual  report.  He  shall 
record  the  proceedings  a^d  discussions  of  the  meetings,  and  shall 
prepare  a  copy  of  them  for  publication. 

As  Treasurer,  he  shall  give  bond  with  two  approved  sureties  to 
such  amount  as  may  be  required  from  time  to  time  by  the  Executive 
Board,  and  his  bond  when  approved  by  said  Board,  shall  be  copied 
on  the  Journal  of  the  Society,  and  be  deposited  with  the  President. 
He  shall  pay  only  such  orders  as  have  been  signed  by  the  President, 
Executive  Secretary,  and  shall  make  an  annual  report  of  all  receipts 
and  expenditures,  and  shall  deliver  all  the  Society's  books  and  money 
in  his  possession  to  his  successor.  The  Executive  Secretary,  in 
addition  to  the  duties  usually  pertaining  to  his  office,  shall  be  ex-officio 
Librarian'  of  the  Society,  and  as  such  shall  collect  and  preserve  all 
books,  pamphlets,  papers  and  documents  belonging  to  the  Society. 
The  library  of  the  Society  shall  be  kept  in  some  place  central  and 
convenient  to  access  by  railroad.  He  shall  deliver  all  the  property  of 
the  Society  in  his  possession  to  his  successor. 

Sec.  4.  The  Executive  Board  shall  audit  the  accounts  of  the 
Treasurer  and  determine  the  assessment  per  member  for  the  follow- 
ing year  immediately  before  each  annual  meeting,  and  make  annually 
a  report  to  the  Society.  They  shall  arrange  the  program  of  exer- 
cises for  each  annual  meeting^  and  shall  have  a  general  care  over  the 
affairs  of  the  Society,  and  shall  act  for  the  Society  in  all  general 
matters  between  the  annual  meetings.  Xo  moneys  shall  be  expended 
without  a  vote  of  the  Executive  Hoard. 

Sfx.  5.  There  shall  be  appointed  at  each  annual  meeting  the 
following  standing  committees  of  three  members  each:  (a)  Com- 
mittee on  Surveying:  (b)  Committee  on  Roads  and  Pavements  :  (c) 
Committee  on  Railroads:  (d)  Committee  on  Water  Works;  (e) 
Committee  on  Drainage;  (/)   Committee  on  Sewers;  (g)  Committee 


Constitution — By-Laws.  29 

on  Exhibits;  (A)  Committee  on  Press.  It  shall  be  the  duty  of  each 
committee  to  collate  facts,  figures,  and  items  of  interest  in  their 
respective  departments,  and  make  at  least  one  formal  report  to  the 
Society  at  the  annual  meeting  following  their  appointment.  The 
chairman  of  each  committee  shall  solicit,  under  the  direction  of  the 
Executive  Board,  papers  for  the  annual  meeting,  and  advise  with 
said  Board  in  matters  relating  to  the  general  subject  of  the  com- 
mittee's work. 

Article  V. — Publishing  Annual  Reports. 

The  Executive  Board  shall  compile  and  publish  the  annual  report 
of  the  transactions  of  the  Society.  They  shall  include  in  this  report 
all  items  of  general  interest  in  the  proceedings,  and  such  other  mat- 
ters as  may  seem  to  them  advisable. 

Article  VI. — Compensation  of  Officers. 

The  Society  may  provide  for  the  compensation  of  its  officers  for 
their  services  whenever  deemed  advisable. 

Article  VII. — Amendments. 

All  propositions  for  amendments  of  this  constitution  shall  be 
referred  to  the  Executive  Board  who  shall  report  to  the  Society 
before  final  adjournment  of  the  annual  meeting  and  such  amend- 
ment shall  be  declared  adopted  by  an  affirmative  vote  of  two-thirds 
of  the  members  present,  not  less  than  fifteen  members  voting. 


BY-LAWS. 


Section  i.  The  annual  meetings  of  this  Society  shall  be  in 
such  place  as  shall  be  determined  by  this  Society  at  each  previous 
meeting  and  at  such  time  in  January  as  shall  be  determined  by  the 
Executive  Board.  The  Executive  Board  shall  notify  each  member 
of  the  Society  at  least  twenty  days  before  the  annual  meeting. 


i 


30  Illinois  Society  of  Engineers  and  Surveyors. 

Sec.  2.  Ten  members  shall  constitute  a  quorum  for  the  trans- 
action of  business. 

Sec.  3.  The  meetings  of  this  association  shall  be  governed  by 
"Robert's  Rules  of  Order." 

Sec  4.  The  order  of  business  shall  be  fixed  by  the  Executive 
Board. 

Sec  5.  A  record  of  all  donations  to  the  Society  whether  in 
money,  books,  maps,  models,  or  other  articles  of  value,  with  names 
of  the  donors,  shall  be  entered  by  the  Executive  Secretary  in  a  book 
provided  for  that  purpose. 

Sec  6.  These  By-laws  may  be  amended  by  a  two-thirds  vote  of 
the  members  present  at  any  annual  meeting,  not  less  than  fifteen 
members  voting. 
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to  build  it.  That  anything  which  an  engineer  would  call  a  good 
road  is  beyond  the  limit  of  economy,  for  a  large  majority  of  the 
road  mileage,  especially  in  the  central  and  southern  portions  of 
the  state,  is  a  proposition  which  can  hardly  be  considered  open  to 
discussion.  The  engineer  then  must  accept  the  situation  if  he  is 
wise  and  put  himself  to  experimenting  on  the  making  of  good 
enough  roads  at  less  cost.  In  this  connection  I  would  suggest  a 
consideration  of  the  results  of  the  experiment  recently  made  by  a 
California  road  supervisor  with  hot  heavy  oil  forming  an  asphaltic 
sort  of  surface  for  a  road  which  Illinois  roads  can  be  made  to  approxi- 
mate at  very  little  expense. 

On  the  other  hand  the  farmers  must  finally  recognize  the  fact 
that  the  ability  to  get  to  town  at  will  and  to  communicate  at  pleas- 
ure with  neighbors,  friends  and  business  connections  is  worth  a 
considerable  sum  of  money.  I  have  had  too  many  experiences  with 
farmers  shut  out  of  the  world  for  days  on  account  of  bad  roads, 
with  good  weather,  to  have  any  sympathy  with  the  argument  that 
the  farmer's  time  in  hauling  the  crop  to  market  is  worth  nothing, 
because  he  can  do  it  when  he  has  nothing  else  to  do.  I  am  not 
speaking  of  the  farmer  who  will  not  go  to  see  his  sick  daughter 
a  mile  away  because  it  is  not  easy  to  get  out  the  team  that  can  get 
there  over  the  road,  nor  of  the  one  who  burns  his  com  because  it  is 
easier  to  do  that  than  to  take  it  to  market  and  bring  home  the 
equivalent  in  coal  and  what  little  balance  of  profit  there  may  be,  but 
of  the  wide  awake  farmer,  who  is  always  oji  the  lookout  for  busi- 
ness and  who  utilizes  to  the  utmost  the  force  necessary  to  carry  on 
the  farm;  the  farmer  whose  like  is  coming  into  possession  of  the 
valuable  land,  more  and  more  extensively  every  year.  I  have  quoted 
elsewhere  the  case  of  the  farmer  who  lost  enough  on  the  difference 
in  price  on  his  wheat  between  the  day  of  high  prices  and  the  first 
day  he  could  get  to  market  to  pay  his  year's  assessment  on  a  good 
road.  His  case  was,  of  course,  paralleled  to  some  degree  by  that 
of  every  farmer  on  the  road.  True  economy  demands,  therefore,  a 
careful  study  of  the  conditions  of  the  area  served  by  a  road,  and  a 
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Let  us  give  him  plentx  of  talking  to  do  in  developing  the  mat- 
ter both  from  the  economic  and  from  the  engineering  standpoints. 

We  also  have  to  consider  one  phase  of  a  large  question  of  para- 
mount interest  to  engineers.  Papers  are  not  numerous  but  it  is 
hoped  that  some  members  are  prepared  and  willing  to  take  up  the 
discussion. 

While  engineering  is  a  profession  perhaps  of  the  highest  rank 
in  the  material  world,  it  is  so  closely  allied  with  the  world  of  busi- 
ness that  its  ethical  status  differs  somewhat  from  that  of  other  pro- 
fessions. The  profe^ion  of  architecture  is  similar  to  and  to  a  large 
extent  is  the  same,  though  the  professional  element  is  perhaps  a 
little  more  strongly  marked.  Aside  from  salaried  positions,  a  large 
proportion  of  them  in  the  public  service,  there  are  very  few  engineers 
devoting  themselves  entirely  to  the  practice  of  the  profession  of  engi- 
neering, most  engineers  finding  the  use  of  their  talents  in  the  field 
of  business  more  profitable  and  perhaps  more  congenial  than  in  the 
strict  lines  of  professional  practice.  Such  a  law  as  that  described  in 
one  of  the  papers  to  be  given  is,  therefore,  not  strictly  applicable 
to  engineers,  or  at  least  the  number  of  engineers  to  which  it  would 
be  applicable  is  so  small  that  the  interest  in  the  passage  of  such  a 
law  is  not  sufficient  to  secure  its  consideration.  There  is  need,  how- 
ever, for  some  similar  regulation  of  the  qualifications  of  engineers 
in  public  employment.  A  competent  law  would  help  the  standing 
of  the  engineer  more  than  anything  else  which  could  be  devised. 
The  regulation  of  the  practice  of  surveying  is,  in  a  sense,  more  nearly 
like  the  regulation  of  the  practice  of  architecture,  since  most  of  the 
clients  of  the  surveyor,  like  those  of  the  architect,  are  private  per- 
sons. But  in  another  sense  it  is  more  like  that  of  the  practice  of 
plumbing,  since  it  is  the  ability  of  the  surveyor  to  handle  his  tools, 
instruments  and  mathematical  formula  and  tables,  which  it  is  desired 
to  test.  In  the  case  of  the  engineer,  as  in  that  of  the  architect,  it 
is  his  ability  to  design  as  well  as  to  carry  out  the  designs  of  others, 
which  should  be  the  subject  of  test.  The  regulation  of  the  practice 
of  surveying,  therefore,  cannot  be  combined  in  the  same  law  with 
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that  of  the  regulation  of  the  qualifications  of  engineers  in  public 
service,  without  so  dividing  it  into,  classes  to  make  practically  two 
laws.  It  might  be  good  policy,  however,  to  make  the  combinations 
so  that  the  bill  could  have  the  support  of  all  the  engineers  and  sur- 
veyors. Perhaps  with  this  plan  it  would  be  possible  to  secure  the 
favorable  consideration  from  the  legislature,  which  has  heretofore 
not  been  attainable.  We  will  hope  for  a  full  consideration  of  all 
branches  of  the  subject  when  the  proper  place  in  the  program  has 
been  reached. 


•  _ 
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COST  OF  WAGON  TRANSPORTATION. 


BY  IRA  O.  BAKER. 


One  of  the  advantages  of  any  proposed  road  improvement  is  the 
decreased  cost  of  transportation,  but  reliable  data  as  to  the  economy 
of  improved  roads  is  lamentably  scarce.  It  is  the  purpose  of  this 
paper  to  inquire  into  the  cost  of  wagon  transportation  with  a  view 
of  securing  data  to  be  used  in  determining  the  possible  saving  to  be 
derived  from  any  proposed  road  improvement.  It  is  hoped  that  in 
the  discussion  members  will  supply  additional  .data. 

In  the  first  place  a  distinction  must  be  made  between  work  done 
by  those  whose  chief  purpose  is  transportation,  and  that  done  by 
those  to  whom  transportation  is  a  mere  incident  of  a  business 
organized  for  a  different  purpose.  The  first  class  of  workers  is 
represented  by  the  man  whose  sole  business  is  to  sell  transportation, 
and  the  second  is  represented  by  the  farmer  whose  business  is 
organized  to  produce  farm  products,  the  transportation  of  which  to 
market  is  ordinarily  a  very  small  part  of  his  business.  For  brevity, 
the  first  class  will  be  referred  to  as  freighters  and  the  second  as 
farmers. 

The  cost  of  transportation  is  more  to  the  freighter  than  to  the 
farmer.  In  the  first  place,  feed,  barn  rent,  and  usually  labor  costs 
the  farmer  less  than  the  freighter.  For  three  months  of  the  year  it 
costs  many  farmers  absolutely  nothing  to  feed  their  teams.  In  the 
second  place  the  freight  carried  by  the  freighter  must  pay  a  share 
of  the  expense  incurred  while  the  team  is  idle;  while  the  hauling 
done  by  the  farmer  is  done  usually  during  periods  of  idleness  either 
comparative  or  absolute,  in  his  chief  business.  Farther,  the  power 
employed  by  farmers  in  transportation  costs  practically  nothing, 
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• 
since  more  horses  are  required  to  cultivate  the  crops  than  to  trans- 

ix>rt  them  to  market.  This  may  not  be  true  of  dairymen  and  gar- 
deners, but  they  are  not  representative  farmers,  since  according  to 
the  U.  S.  census,  dairymen,  gardeners,  vinegrowers,  florists,  and 
nurservmen  constitute  only  one  fiftv-seventh  of  the  so-called  farm- 
ing  class.  Again,  when  the  farmer  uses  his  teams  in  transporta- 
tion, it  is  unnecessary  to  feed  them  as  heavily  as  does  the  freighter, 
since  the  service  is  comparatively  brief.  There  are  a  few  minor 
differences  in  the  same  line  that  need  not  be  discussed  here.  In 
short,  to  the  farmer  transix)rtation  is  a  by-product,  and  it  is  a  well 
established  principle  that  to  a  manufacturer  a  by-product  costs  little 
or  nothing. 

In  discussing  the  cost  of  wagon  transportation  in  reference  to 
road  improvement,  consideration  should  be  given  only  to  hauling  in 
which  the  load  is  equal  to  the  full  capacity  of  the  team  for  the  par- 
ticular condition  of  the  roads.  A  farmer  may  employ  a  two-horse 
tearn  to  take  a  bushel  of  potatoes  to  town,  or  a  grocery  wagon  may 
make  a  trip  to  deliver  a  pound  of  cheese,  but  the  partial  load  is 
entirely  independent  of  the  conditions  of  the  roads.  Farther,  it  is 
necessary  to  notice  that  only  the  rate  for  wagon  loads  should  be 
considered.  If  a  number  of  i)ackagcs  are  carried  in  the  same  load 
for  different  parties,  part  of  tlie  charge  is  to  cover  the  cost  of  col- 
lection, distribution,  possible  partial  loads,  etc.,  and  therefore  only 
part  of  the  charge  is  for  transportation  proper. 

Most  of  the  hauling  upon  the  country  roads  is  done  by  the 
farmers ;  but  the  cost  to  freighters  will  be  considered  first  to  throw 
light  uix)n  the  cost  of  wagon  transportation  to  farmers. 

COST  TO  FK  EI  OUTERS. 

The  following  data  are  all  that  are  readily  obtainable  concern- 
ing the  actual  cost  of  wagon  transportation  to  freighters. 

I.  Some  years  ago  San  Francisco  merchants,  because  of  exces- 
sive railroad  freights,  shipped  goods  by  wagon  from  Stockton  up 
the  San  Joaquin  valley  to  Fresno,  a  distance  of  146  miles,  at  3.5 
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cents  per  ton-mile.  Presumably  the  road  was  unimproved,  although 
in  a  good  condition  for  one  of  that  class.  The  price  is  surprisingly 
small,  probably  due  in  part  to  a  return  load.  This  example  is  hardly 
representative  of  ordinary  transportation  on  the  wagon  roads,  owing 
to  the  long  distance  and  large  loads. 

2.  The  author  is  informed  that  in  the  mountain  region  of  the 
northwest  the  usual  rate  is  i  cent  per  loo  pounds  per  mile,  which  is 
equivalent  to  20  cents  per  ton-mile.  This  rate  obtains  between  Red 
Rock,  Montana,  and  Salmon  City,  Idaho,  a  distance  of  70  miles 
over  the  continental  divide,  one  terminus  being  1500  to  2000  feet 
below  the  summit  and  the  other  3000  feet.  The  road  was  unim- 
proved with  a  considerable  intermediate  rise  and  fall.  This  exam- 
ple is  not  representative  of  the  average  hauling  on  country  roads, 
because  of  the  long  haul  and  because  of  the  rise  and  fall. 

A  similar  rate  has  obtained  in  hauling  provisions  required  in  the 
construction  of  a  railroad  in  Oklahoma  (Engineering  News,  Vol.  35, 
Jan.  16,  1896).  No  details  are  given,  but  in  all  probability  this  was 
over  roads  little,  if  any,  better  than  mere  trail,  and  probably  required 
the  teams  to  ford  the  streams.  It  is  distinctly  stated  that  there  was 
no  return  load. 

3.  In  Engineering  News,  Vol.  35  (Jan.  16,  1896),  page  43,  are 
a  few  meager  details  showing  that  wagon  transportation  in  1877  in 
connection  with  the  construction  of  the  Boston  Water  Works,  cost 
12  cents  per  ton-mile.  It  is  stated  that. the  **roads  were  good,  and 
were  probably  better  than  the  average  country  road."  It  is  also 
stated  that  the  "compensation  was  hardly  considered  fair." 

4.  For  several  years  the  University  of  Illinois  paid  30  cents 
per  ton  for  hauling  coal.  The  haul  was  almost  exactly  i  mile,  and 
therefore  the  cost  was  30  cents  per  ton-mile.  The  coal  was  used  for 
heating,  and  therefore  the  work  was  done  chiefly  during  the  winter 
months.  The  storage  capacity  was  sufficient  for  20  to  30  days'  con- 
sumption, and  consequently  there  was  a  little  latitude  in  choosing 
the  time  for  delivery.  The  roads  were  practically  level  and  the 
surface  was  loam,  and  frequently  almost  impassable,  sometimes  four 


Cost  of  Wagon  Transportation — Baker.  39 

horses  being  able  to  haul  only  one  ton.  This  is  an  example  of  the 
cost  in  winter,  i.  e.,  when  the  roads  are  in  their  worst  condition,  and 
in  a  locality  where  they  probably  get  as  bad  as  anywhere. 

5.  Later,  when  the  consumption  of  coal  at  the  University  had 
greatly  increased  and  the  streets  had  been  paved  nearly  all  the  way, 
the  price  was  20  cents  per  ton  for  a  haul  of  i  mile,  which  price  pre- 
vailed for  three  years.  The  contractor  thought  he  barely  made 
expenses,  chiefly  because  the  unpaved  roads  were  very  muddy. 

Then  for  one  year  the  price  was  19  cents  per  ton  for  three- 
fourths  of  a  mile,  or  25.3  cents  per  ton-mile.  This  haul  was  entirely 
on  brick  pavements.  Apparently  the  contractor  lost  money,  owing 
chiefly  to  the  difficulty  of  getting  cars  switched  promptly. 

The  next  year,  when  the  annual  consumption  was  5000  tons  the 
price  by  a  different  bidder  was  20  cents  with  the  expectation  of 
hauling  the  same  distance,  but  the  coal  arrived  by  a  different  rail- 
road, thus  making  the  haul  1.5  miles,  and  therefore  the  price  was 
13J  cents  per  ton-mile.  This  also  was  upon  brick  pavements.  The 
men  load,  haul,  and  unload,  five  loads  of  3  tons  each  day  for  a  day's 
work,  an  equivalent  of  22.5  ton-miles  per  day,  some  of  the  men  com- 
pleting the  stint  in  eight  hours.  According  to  estimates  of  the 
writer  the  contractor,  after  paying  for  labor,  feed,  barn  rent,  inter- 
est, maintenance,  and  depreciation,  has  10  per  cent,  to  pay  for  super- 
intendence and  contingencies.  He  looks  after  the  work  closely,  and 
while  not  making  any  fabulous  sum  is  satisfied  with  his  contract. 
The  last  item  is  an  example  of  the  cost  of  transportation  inider  the 
most  favorable  conditions  for  freighters. 

The  last  item  affords  an  interesting  illustration  of  an  important 
principle.  As  just  stated  the  cost  of  hauling  ij/^  miles  was  20  cents 
per  ton,  which  includes  loading  and  unloading.  The  Illinois  Cen- 
tral railroad  in  the  same  town  regularly  pays  men  $1.50  per  day, 
for  unloading  coal  from  cars.  All  the  coal  used  at  a  division  head- 
quarters has  been  handled  in  this  way  for  several  years  past.  The 
men  employed  handle  about  30  tons  ])er  day,  making  the  price  5 
cents  per  ton,  exclusive  of  superintendence.     1  f  we  consider  the  load 
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ing  of  the  University  coal  to  be  the  same  price,  then  the  cost  for 
simply  hauling  is  lo  cents  per  ton  for  i  J4  miles  or  6^  cents  per  ton- 
mile.  However,  this  is  not  a  proper  basis  of  computation.  The  Illi- 
nois Central  men  handle  three  tons  per  hour,  but  the  teamsters  handle 
an  equal  quantity  in  a  little  less  than  half  of  the  time.  The  former 
maintain  their  rate  all  dav,  the  latter  for  only  a  small  part  of  the 
<lay ;  and  consequently  the  latter  should  work  at  a  considerably  more 
rapid  rate.  The  sole  business  of  the  former  is  to  shovel  coal,  while 
with  the  latter  shoveling  coal  is  comparatively  a  small  part  of  his 
■duty.  In  the  above  case  the  cost  of  loading  and  unloading  is  about 
one  quarter  of  the  total  cost  of  delivery.* 

6.  For  several  years  large  quantities  of  sand  and  gravel  have 
been  delivered  a  distance  of  two  miles,  over  level  roads,  during 
the  building  seasons  by  contract  for  20  cents  per  ton-mile,  includ- 
ing loading,  and  usually  unloading,  with  shovel.  In  the  same  local- 
ity for  a  number  of  years,  large  quantities  of  clay  have  been  delivered 
to  a  brick  and  tile  yard,  during  the  working  season,  at  20  cents  per 
ton-mile,  including  loading  with  shovel.  Brick  are  loaded  and 
hauled  and  unloaded  for  substantially  the  same  price.  These  items* 
are  examples  of  the  cost  during  the  summer  when  the  earth  roads 
are  in  their  best  condition. 

COST  TO  FARMERS. 

7.  Non-resident  land  owners  in  Central  Illinois  frequently  hire 
corn  delivered  for  9  to  1 1  cents  per  ton-mile.  This  price  has  obtained 
over  large  areas  for  10  or  15  years.  The  contract  is  usually  taken 
by  the  man  who  does  the  shelling,  he  hiring  farmers  to  do  the  haul- 
ing. The  author  knows  of  these  prices  being  obtained  frequently 
during  the  corn-planting  season,  when  the  farmers  are  most  busy  and 
when  the  roads  are  certainly  not  at  their  best. 

8.  Many  times  farmers  haul  corn  to  the  farther  market  for  a 
flight  difference  in  price,  the  diflfcrence  in  price  being  equivalent  to 

*SlDce  the  above  was  presented  one  of  the  author's  student's  called  his  attention 
to  the  following  example:  The  cost  of  hauling  coal  to  the  Insane  Asylum  at  Anpa, 
III.,  is  17  cents  per  ton  for  a  haul  of  nearly  V^  miles  over  hilly  gravel  roads,  which 
Is  equal  to  12  cents-  per  ton-mile  including  loading  and  unloading  with  a  shovel.  In 
one  place  the  grade  is  8  per  cent:  and  tho  rise  is  about  130  ft. 
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6  to  9  cents  per  ton-mile  for  the  hauling.  The  lower  of  these  prices 
usually  obtains  when  the  roads  -are  good  in  the  winter  season  while 
there  is  little  or  no  farm  work  to  do. 

9.  The  Standard  Oil  Co.  has  a  number  of  distributing  points 
in  Illinois  from  which  they  deliver  kerosene,  etc.,  to  the  nearby  towns 
with  tank  wagons.  These  distributing  points  are  so  numerous  as 
to  practically  cover  the  entire  state,  and  the  same  system  is  used 
in  at  least  several  other  states.  The  Company  owns  its  own  teams 
and  wagons.  In  Central  Illinois  it  delivers  its  products  20  miles  over 
conmion  earth  roads  with  a  tank  wagon  instead  of  shipping  by 
railroad.  In  a  number  of  cases  examined  by  the  author  for  the  pur- 
pose of  this  record,  the  railroad  rate  is  14  to  15  cents  per  ton-mile. 
Apparently  then  the  Standard  Oil  Co.  thinks  it  cheaper  to  deliver 
oil  by  wagon  than  to  ship  it  by  rail  at  14  to  15  cents  per  ton-mile. 
This  is  done  when  four,  and  sometimes  when  six,  horses  are  required 
to  haul  a  ton.  In  one  sense  the  use  of  four  or  six  horses  to  haul  a 
ton  makes  the  cost  by  wagon  about  twice  or  thrice  that  by  rail.  Why 
then  does  the  Standard  Oil  Co.  haul  oil  at  an  apparent  loss?  The 
answer  is  that  the  men  are  paid  by  the  day  and  the  horses  must  be 
fed  whether  thev  work  or  not,  and  therefore  it  is  better  for  them 
to  earn  something  than  to  remain  idle.  This  is  exactly  the  argu- 
ment that  the  farmer  makes  in  trying  to  show  that  as  a  rule  it  costs 
him  little  or  nothing  to  market  his  crops.  As  evidence  that  the  Com- 
pany knows  what  it  is  doing,  it  may  be  stated  that  all  feed  issued  to 
the  drivers  is  weighed,  and  if  the  amount  or  cost  of  feed  per  team 
differs  materially  from  the  standard  adopted  by  the  Company  the 
matter  is  carefully  inquired  into  by  the  central  office.  The  horses  are 
weighed  at  stated  intervals  to  see  that  they  maintain  their  normal 
condition.  There  are  several  very  interesting  features  in  this  case, 
but  as  they  relate  entirely  to  the  mercantile  side  of  the  question  and 
do  not  effect  the  above  facts,  they  are  not  mentioned  here. 

10.     In  discussions  of  this  character,  attempts  are  frequently 
made  to  determine  the  value  per  day  of  a  team  and  driver.     A  few 

data  on  this  subject  will  now  be  given. 

4 
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Some  years  ago  a  millionaire  purchased  a  thousand  or  more 
acres  of  land  and  started  a  scientific  farm.  Careful  accounts  were 
kept  with  the  several  departments  of  the  farm  work.  The  feed  of 
a  two-horse  team  was  reckoned  at  50  cents  per  day,  and  its  labor  at 
the  same  sum.  A  driver  was  assumed  to  cost  $1.00  per  day.  There- 
fore the  price  of  a  man  and  team  was  $2.00  per  day.  At  these  prices 
the  teams  were  in  considerable  demand  and  were  freely  hired  out. 
Every  department  of  the  farm  showed  a  profit,  but  the  horse  account 
was  the  most  profitable. 

The  University  of  Illlinois  Agricultural  Experiment  Station  in 
Bulletin  No.  50  (1898)  gives  the  data  employed  in  trying  to  find 
the  cost  of  raising  corn.  The  data  represents  316  replies  to  1000 
circulars  sent  to  all  parts  of  the  state  of  Illinois.  The  farmers  were 
asked :  "What  is  the  rate  of  wages  of  man  and  team  ?"  The  aver- 
age for  each  of  76  counties  varies  from  $1.40  to  $2.74,  the  average 
of  all  being  $2.13.  It  should  be  remembered  that  the  price  returned 
was  the  value  of  the  time  employed  in  raising  and  gathering  the 
com,  and  is  therefore  more  than  at  anv  other  time  of  the  vear.* 

The  author  knows  of  an  intelligent,  enterprising,  successful 
farmer  who,  when  there  is  nothing  for  his  teams  to  do  at  home, 
seeks  an  opportunity  to  haul  grain  for  his  neighbors  at  $1.00  per  day. 

This  seems  very  small;  but  several  intelligent  and  successful 
farmers,  in  fact  all  consulted,  say  that  the  man  makes  money  by  so 
doing.  This  price  does  not  seem  so  small,  if  we  notice  that  it  is 
practically  half  the  price  given  above  for  the  average  value  of  a  team 
and  driver  in  cultivating  the  corn  crop. 


•It  may  be  mentioned  that,  according  to  this  Bulletin,  In  hauling  311,000  buahela 
of  corn,  shelled  and  unshelled,  the  average  load  was  62  bushels.    If  It  were  all  shelled 
this  Is  equivalent  to  at  least  2.2  tons.    Therefore    these    replies    Indicate     that     the 
average  load  of  corn  is  somewhere  from  1%  to  2%   tons,   which   Is  considerably   more 
than  Is  frequently  claimed. 

It  is  also  Interesting  to  note  that  the  average  haul  for  this  com  was  3.2  miles, 
which  also  Is  considerably  less  than  has  been  claimed. 

Finally,  the  cost  of  making  this  corn  at  busy  season  prices  was  1.2S  cents  per 
bushel,  which  Is  about  one-twelfth  of  the  cost  of  production,  while  an  official  writer 
on  good  roads  claims  that  the  average  cost  of  transportation  from  farm  to  market 
Is  one  quarter  of  the  "value"  of  the  crop.  Or,  the  cost  of  hauling  this  corn  at  the 
prices  set  by  the  farmers  for  a  day's  work  of  man  and  team  during  the  busy  season 
was  14.4  cents  per  ton-mile.  During  the  Idle  season  the  farmer  counts  the  value  of 
a  day's  work  very  much  less. 
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CONCLUSION. 

Of  course  a  single  example  of  price  is  not  conclusive  as  to  cost, 
but  a  unanimity  of  several  prices  is  fair  evidence  as  to  cost.  The 
preceding  data  are  presented  with  the  belief  that  they  are  representa- 
tive, and  that  they  warrant  the  following  conclusions : 

1.  Except  in  rare  cases,  the  maximum  cost,  to  freighters,  on 
earth  roads  is  not  more  than  25  cents  per  ton-mile;  and  during  the 
summer  months,  the  cost  to  freighters  on  level  loam  roads  is  about 
20  cents  per  ton-mile. 

2.  With  a  little  choice  as  to  the  time  of  doing  the  work,  the  cost 
to  the  farmer  is  not  more  than  10  to  12  cents  per  ton-mile  on  earth 
roads;  and  when  farm  work  is  not  pressing  the  cost  is  not  more 
than  6  to  9  cents  per  ton-mile. 

3.  The  cost  to  farmers  of  hauling  upon  the  best  stone  roads 
would  not  be  much  less  than  the  cost  upon  earth  roads  when  in  their 
best  condition,  since  the  best  earth  roads  are  nearly  as  good  as  stone 
roads.  Farther,  the  size  of  the  load  is  limited  by  the  capacity  of 
the  wagon,  and  in  most  localities  the  wagon  is  designed  primarily 
for  general  farm  work  and  moderately  light  loads  on  the  roads ;  and, 
therefore,  with  hard  roads  the  load  could  not  be  much  increased 
without  a  change  in  the  wagon  which  will  unfit  it  for  general  farm 
work. 

4.  The  cost  of  hauling  upon  stone  roads  is  much  less  than  upon 
muddy  earth  roads,  but  most  farm  produce  that  goes  to  market  in 
full  loads  can  wait  for  a  favorable  condition  of  the  earth  road. 

The  final  conclusion  to  be  drawn  from  the  preceding  discussion 
is  that  the  possible  saving  in  the  transportation  of  freight  by  wagons 
through  road  improvement  will  be  an  insignificant  part  of  the  cost 
of  such  improvement.  This  does  not  mean  that  the  roads  should 
not  be  improved;  but  it  does  mean  that  no  great  improvement  can 
be  justified  alone  on  the  ground  of  reducing  the  cost  of  transporta- 
tion. Farmers  are  unanimously  of  the  opinion  that  the  cost  to  them 
of  wagon  transportation  is  a  matter  of  small  moment.  It  is  believed 
that  the  preceding  discussion  shows  that  this  opinion  is  correct ;  and 
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it  also  shows  why  farmers  have  been  so  little  influenced,  at  least 
favorably,  by  the  arguments  of  road  reformers  who  claim  that  the 
farmer  is  losing  vast  sums  annually  by  not  having  the  benefit  of 
permanently  hard  roads  upon  which  to  haul  his  products  to  market. 
Good  roads  are  desirable  for  the  same  reason  that  a  man  buys 
a  carriage  or  builds  a  fine  house,  i.  e.,  because  they  are  a  comfort 
and  a  pleasure;  and  not  because  they  are  financially  profitable. 

DISCUSSION. 

Mr.  S.  a.  Bullard  :  The  cost  of  loading  and  unloading,  which 
is  not  affected  by  the  condition  of  the  roads,  varies  in  its  propor- 
tion of  the  total  cost.  In  short  hauls  it  may  amount  to  a  great  deal 
more  than  the  cost  of  the  hauling  proper.  A  farmer  living  four 
miles  from  a  depot  would  have  just  as  much  work  loading  and 
unloading  as  if  he  lived  only  one  mile  away ;  and  the  cost  per  ton- 
mile  would  be  less  for  the  long  haul  than  for  the  short  haul. 

Mr.  J.  H.  BuRNHAM :  The  speaker  was  much  interested  in 
the  paper  because  the  author  gave  actual  figures.  However,  he 
objects  to  the  conclusion  because  he  believes  that  the  figures  are 
altogether  too  low.  A  farmer  who  works  a  team  for  a  dollar  a  day 
is  working  too  cheaply ;  he  is  not  charging  for  their  time  and  wear 
on  horses  and  wagon. 

Mr.  H.  H.  Gross  :  The  speaker  is  acquainted  with  the  matter 
of  the  Standard  Oil  Company.  The  reason  that  they  ship  by  wagon 
tank  instead  of  by  rail  is,  that  they  may  deliver  at  a  customer's  door, 
and  not  because  it  is  cheaper.  If  shipments  were  made  by  rail  a 
man  would  have  to  be  kept  at  the  tank  and  the  cost  of  getting  the 
oil  to  the  customer  would  be  about  as  much  as  if  it  were  shipped 
by  wagon.  Again,  in  many  cases  wagon  transportation  is  all  that 
is  available;  in  three  counties,  for  example,  there  are  no  railroads 

at  all. 

The  cost  of  the  transportation  is  not  a  very  important  matter. 
A  farmer  is  most  interested  in  his  ability  to  get  crops  to  market  at 
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any  time.  This  depends  upon  the  condition  of  the  roads.  Hauling 
can  only  be  done  when  the  roads  are  in  condition  and  not  when  the 
farmer  desires  to  do  it,  which  is  when  the  market  is  high.  Several 
farmers  have  informed  the  speaker  that  if  they  could  do  business 
on  the  condition  of  the  market  instead  of  the  condition  of  the  roads, 
there  would  be  a  difference  of  two  or  three  cents  per  bushel.  The 
prices  of  many  articles  depend  upon  the  condition  of  the  roads ;  when 
they  are  bad  farmers  can  not  haul  to  market  consequently  there  is 
a  scarcity  and  prices  rise.  Just  as  soon  as  the  roads  are  again  in 
good  condition  there  is  a  great  influx  to  the  market,  resulting  in 
an  oversupply  and  prices  fall. 

Prof.  M.  S.  Ketchum  :  As  a  boy  on  the  farm  the  speaker  has 
worked  many  a  day  with  a  team  in  payment  for  a  day's  labor  with- 
out a  team.  In  Illinois  it  is  a  general  custom  to  make  no  allowance 
in  exchanging  work  on  the  farm  for  the  use  of  a  team.  The  rea- 
sons for  this  are;  (i),  that  the  work  with  a  team  is  easier  than 
without  and  (2),  that  the  farmer  must  feed  the  team  whether  it 
works  or  not ;  and  would  therefore  rather  work  his  horses  for  their 
feed  than  to  allow  them  to  stand  idle  in  the  bam.  This  custom 
applies  to  all  kinds  of  farm  work  including  the  hauling  of  grain 
to  market. 

It  is  evident  from  the  foregoing  that  there  is  transportation 
going  to  waste  on  the  farm  for  a  large  part  of  the  year  at  least,  and 
that  the  cost  per  day  to  the  farmer  in  hauling  grain  to  market  is 
practically  the  cost  of  a  day's  labor  for  a  man  without  a  team,  and 
not  the  cost  of  a  day's  labor  of  a  man  and  a  team  as  it  would  be  in 
the  case  of  a  freighter.  This  same  principle  is  recognized  in  lines 
of  commercial  activity,  and  we  see  the  cost  of  production  of  many 
products  determined  not  on  the  basis  of  manufacturing  them  alone, 
but  on  the  basis  of  tl^eir  being  by-products.  Transportation  is  a  by- 
product in  farming  and  in  estimating  the  cost  to  the  farmer  this  fact 
should  be  considered. 

In  the  economical  operation  of  our  railways  this  principal  is 
recognized  and  applied.     The  cost  of  running  a  train  is  practically 


46  Illinois  Society  of  Engineers  and  Surveyors. 

independent  of  whether  it  is  fully  or  partially  loaded.  Now  if  a 
passenger  train  is  only  partially  loaded  there  is  certainly  transporta- 
tion being  manufactured  that  is  not  being  used  and  might  better  be 
sold  at  a  nominal  price  than  wasted.  It  is  certainly  no  more  nearly 
correct  to  estimate  the  cost  to  the  farmer  of  hauling  his  grain  to 
market  on  the  same  basis  as  in  the  case  of  freighter  than  to  esti- 
mate the  cost  of  carrying  additional  passengers  on  any  particular 
train  on  the  basis  of  the  number  of  passengers  then  on  board.  There 
is  certainly  transportation  being  manufactured  in  both  cases  that  will 
be  wasted  if  it  is  not  used. 

The  price  for  which  farmers  are  willing  to  do  hauling  for  high- 
way bridge  contractors  and  others  is  not  a  fair  valuation  of  the 
farmer's  estimate  of  the  cost  to  him  of  hauling  his  grain  to  market, 
for  the  reason  that  he  will  not.  leave  his  business  to  take  up  work 
with  which  he  is  not  familiar  unless  he  is  well  repaid  for  his  time. 
The  speaker  has  had  several  years  experience  in  the  northwest  as 
the  agent  of  a  large  bridge  works  and  does  not  remember  of  ever 
paying  more  than  25c  per  ton-mile  to  freighters  for  hauling  bridge 
material,  the  usual  price  being  20c  per  ton-mile.  If  this  is  the  cost 
to  freighters  in  a  mountainous  country  the  cost  to  farmers  in  a 
country  where  the  cost  of  labor  and  living  is  less  must  certainly  be 
very  much  less. 

A  favorite  argument  in  favor  of  hard  roads  is  that  the  farmer 
will  then  be  able  to  sell  his  grain  when  the  market  is  best  and  thus 
make  several  cents  per  bushel.  Those  advancing  this  argument  do 
not  take  into  account  the  bad  judgment  of  the  farmer,  nor  do  they 
Beem  to  appreciate  the  fact  that  with  ideal  conditions  much  more 
grain  and  live  stock  is  sold  on  a  falling  market  than  is  sold  on  a 
rising  market.  With  present  storage  facilities  it  is  now  possible 
for  the  farmer  to  store  his  grain  at  the  railway  station  and  sell  it 
at  his  pleasure,  the  storage  being  usually  free  for  thirty  days  with  a 
nominal  price  for  a  longer  time. 

It  seems  to  the  speaker  that  the  question  of  building  any  par- 
ticular hard  road  is  as  much  an  engineering  problem  as  is  the  build- 
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ing  of  a  railroad  and  should  depend  upon  first  cost,  cost  of  mainte- 
nance and  estimated  revenue  or  profit  to  those  building  it.  There  is  no 
question  but  what  it  will  be  advantageous  to  build  hard  roads  in 
many  localities  in  Illinois.  The  building  of  hard  roads  would  seem, 
however,  to  be  a  local  question  and  not  one  calling  for  state  legis- 
lation. 

The  President  :  If  farmers  can  get  crops  to  market  at  proper 
times  it  will  be  greatly  to  their  benefit.  It  will  be  beneficial  to 
everyone  concerned  because  the  supply  will  not  fluctuate  so  much. 
If  this  phase  of  the  matter  is  taken  into  account  the  discussion  will 
be  on  a  sounder  basis. 


48  Illinois  Society  of  Engineers  and  Surveyors. 


EXPENDITURES  FOR  EARTH  ROADS. 


BY  IRA  O.  BAKER. 


To  determine  the  amount  of  money  spent  upon  earth  roads,  the 
writer  sent  a  circular  to  each  township  in  Champaign  County  asking 
for  certain  details  as  to  the  receipts  and  expenditures  for  road  pur- 
poses during  the  year  1900.  The  writer  also  visited  the  office  of  the 
County  Treasurer  arid  got  certain  information  to  be  used  in  checking 
that  received  from  the  township  officials.  From  recent  township 
maps  was  obtained  the  area  of  each  township  and  the  number  of 
miles  of  road  in  each. 

Champaign  County  is  28  miles  east  and  west  by  36  miles  north 
and  south,  and  contains  almost  exactly  1000  square  miles.  It  lies 
in  the  corn  belt,  and  is  prairie,  broken  only  by  narrow  strips  of  tim- 
ber along  four  small  streams,  three  of  which  rise  in  the  county.  Most 
of  the  land  originally  timbered  is  now  in  cultivation.  Farm  lands 
without  buildings  sell  for  $80  to  $100  per  acre.  The  county  contains 
153  miles  of  railroads,  or  one  mile  of  railroad  for  each  6f  square 
miles  of  area.  The  population  is  47,000,  of  which  15,000  are  in  the 
adjoining  cities  of  Champaign  and  Urbana. 

In  Champaign  Couty  there  is  1.97  mile  of  public  rural  highway 
for  each  square  mile  of  area.  This  includes  neither  streets  nor  roads 
within  incorporated  cities  or  villages,  which  must  be  cared  for  by  the 
incorporation,  nor  the  area  of  municipalities.  Notice  that  there  are 
almost  exactly  two  miles  of  road  for  each  square  mile  of  area ;  and 
therefore  in  the  statistics  to  follow  when  data  are  given  per  mile  of 
road,  the  quantity  may  be  doubled  and  considered  as  being  per  square 
mile. 

In  Illinois  three  forms  of  road  taxes  may  be  levied,  viz. :  a  poll 
tax  payable  in  labor  or  cash,  a  district  road  tax  payable  in  labor  or 
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county  is  by  law  required  to  pay  half  the  cost  of  the  larger  bridges, 
i.  e.,  of  those  costing  more  than  a  certain  per  cent.  Oi  the  assessed 
value  of  the  township.  The  above  does  not  include  the  amount  paid 
by  the  county.  During  the  year  1900  Champaign  County  spent 
$10,900  for  bridges.  This  amount  was  not  uniformly  distributed 
over  the  county,  but  was  equivalent  to  $5.83  for  each  mile  of  road  in 
the  county,  or  $11.04  P^r  mile  of  road  of  the  townships  in  which  it 
was  spent.  In  the  money  spent  for  bridges,  Champaign  County  is 
probably  exceptional.  The  county  is  comparatively  flat  and  is 
crossed  by  no  large  streams,  and  therefore  from  this  reason  one 
would  expect  it  to  spend  less  for  new  bridges  than  the  average.  On 
the  other  hand,  the  county  has  a  number  of  "dredged  ditches,"  and 
for  this  reason  it  may  have  more  bridges  than  other  parts  of  the 
state.  A^ain,  the  county  is  building  first-class  steel  bridges  on  high 
grade  stone  masonry,  and  therefore  it  is  probable  that  Champaign 
County  is  spending  more  money  for  bridges  than  most  other  parts 
of  the  state. 

Drainage  cost  $6.32  per  mile.  Part  of  this  expense  was  for  out- 
lets through  dredged  ditches ;  and  the  most,  if  not  all,  of  the  remain- 
der was  for  tile  drains.  Three  quarters  of  the  townships  spent 
money  for  tile  culverts,  the  average  being  equivalent  to  $1.32  per 
mile  of  road.  All  of  the  townships  reported  money  spent  for  repairs 
of  bridges  and  culverts,  the  average  being  equivalent  to  $2.93  per 
mile  of  road.  Eighty  per  cent,  of  the  townships  reported  expend- 
itures for  grading  (not  simply  smoothing  and  leveling),  the  average 
being  equivalent  to  $1.43  for  each  mile  of  road  in  the  township.  All 
reported  expenses  for  smoothing  slnd  leveling  the  roads  (not  grad- 
ing), the  average  per  mile  of  road  in  the  township  being  $2.83.  The 
range  in  this  item  is  proportionally  very  great,  being  from  40  cents 
to  $10.00  per  mile.  Three  quarters  of  the  townships  reported  cost 
of  mowing  the  roadsides,  the  average  being  $1.14  per  mile.  The 
total  of  the  preceding  expenses  is  $32.17  per  mile  of  road,  or  $64 
per  square  mile,  or  10  cents  per  acre. 
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The  average  expense  is  less  than  the  average  tax  received,  since 
the  latter  includes  expenses  of  administration.  Unfortunately  no 
inquiry  was  made  as  to  the  cost  of  administration  and  consequently 
no  data  can  be  given.  However,  to  prevent  misapprehension,  it  is 
necessary  to  say  that  the  cost  of  administration  is  certainly  greater 
than  the  difference  between  the  receipts  and  expenditures  reported 
above.  There  are  slight  errors  in  the  returns  owing  to  different 
interpretation  of  the  inquiries,  particularly  with  reference  to  the  poll 
tax;  but  it  is  reasonably  certain  that  the  errors  do  not  materially 
affect  the  above  use  of  the  data. 

The  writer  has  a  few  reports  from  townships  in  other  counties 
in  the  Com  Belt;  and  apparently  Champaign  County  is  representa- 
tive, except  that  where  there  is  gravel  within  easy  reach  they  are 
spending  considerable  sums  to  construct  gravel  roads,  in  addition  to 
expenditures  substantially  as  in  Champaign  County. 

The  expenditures  for  now  **iron"  bridges,  tile  culverts,  and 
drainage  amounted  to  $23.84  per  mile,  or  nearly  three  quarters  of 
the  total  expense,  and  are  for  permanent  improvements.  This  work 
was  almost  certainly  done  by  contract.  If  grading  be  considered  a 
permanent  improvement,  then  $25.27  per  mile  was  spent  for  better- 
ments. Repairs  of  bridges  and  culverts,  smoothing  the  roads,  and 
mowing  the  roadside  must  be  regarded  as  expenses  of  maintenance, 
the  total  for  these  items  being  $6.90  per  mile. 

In  conclusion,  a  few  points  deserve  brief  mention : 

1.  Almost  three- fourths  of  the  expenditures  were  certainly 
done  by  contract,  and  therefore  the  criticism  frequently  urged  against 
the  labor  system  does  not  apply  to  three- fourths  of  the  road  expenses. 

2.  At  present  the  expenditures  for  maintenance  proper  is  so 
small  as  to  make  it  impracticable  to  delegate  this  work  to  one  or 
more  who  shall  give  their  whole  time  to  the  work. 

3.  The  expenditures  for  permanent  improvements  are  needed 
lor  present  conditions,  and  would  be  absolutely  necessary  before  hard 
roads  could  be  wisely  introduced. 
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4.  Until  farmers  are  willing  to  tax  themselves  more  than  $32 
per  annum  per  mile  for  earth  roads,  it  is  needless  to  expect  them  to 
willingly  pay  for  hard  roads. 

5.  Until  farmers  wear  more  expensive  clothing  and  live  in 
, finer  homes,  it  is  unreasonable  to  expect  them  willingly  to  support 

the  most  luxurious  public  highways. 

DISCUSSION. 

Mr.  J.  H.  BuRNHAM :  It  is  to  be  noted  from  the  paper  that 
in  Champaign  County  road  tax  of  over  80  cents  per  hundred  dollars 
is  paid.  In  McLean  County  the  tax  amounts  to  only  46  cents,  how- 
ever, here  are  built  not  nearly  so  many  permanent  bridges. 
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DlSCUSSlOxX. 

THE  IMPROVEMENT  OF  COUNTRY   ROADS. 

Prof.  I.  O.  Baker:  Practically  all  the  roads  in  the  state  are 
earth  roads.  More  attention  should  be  given  to  them.  They  can  be 
improved  in  two  ways :  First,  by  giving  more  attention  to  drainage 
by  tile.  There  should  be  at  least  a  line  of  tile  on  the  side  of  every 
road.  Second,  the  surface  should  be  kept  smooth,  with  a  uniform 
slope  from  the  center  of  the  road  to  the  side  ditch.  The  slope  should 
be  only  steep  enough  to  carry  the  water  quickly  to  the  side  ditch. 
The  maintenance  of  this  slope  requires  constant  attention.  Earth 
roads  deteriorate  and  become  muddy  because  ruts  form,  which  hold 
the  water  and  soften  the  road.  If  these  depressions  were  prevented, 
the  roads  would  not  become  muddy — at  least  not  very  muddy.  The 
surface  can  be  kept  smooth  by  going  over  it  at  the  proper  time  with 
a  drag,  or  harrow,  or  a  road  machine.  In  the  winter  and  early  spring 
there  is  usuallv  only  a  brief  time  when  the  roads  are  in  suitable  con- 
dition  thus  to  be  leveled  down  with  a  harrow  or  light  drag.  Later 
in  the  spring  this  work  can  be  done,  but  less  economically,  with  a 
road  machine  or  road  plane. 

Until  the  farmer  cares  for  the  earth  road  better  than  at  present, 
it  is  folly  even  to  talk  of  hard  roads.  One  reason  for  the  present 
unsatisfactory  condition  of  the  earth  roads  is  the  ill-advised  and 
extravagant  talk  about  the  advantage  of  hard  roads  to  the  farmer. 
He  knows  that  there  is  little  or  no  truth  in  the  arguments  of  the  good 
road  enthusiast,  and  consequently  turns  a  deaf  ear  to  all  road  ques- 
tions. 

Some  of  the  common  arguments  that  have  been  advanced  in 
favor  of  hard  roads  are  most  astonishing.  For  example,  a  large  well 
printed  and  elaborate  pamphlet,  in  calculating  the  cost  of  bad  roads  to 
the  farmer  includes  all  the  horses  (old  aind  young,  on  the  farm  and  in 
the  city)  and  all  the  cattle  (cows,  calves  and  beef  cattle)  as  draft 
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animals,  and  computes  the  value  of  their  labor  at  50  cents  per  day, 
and  the  cost  of  their  keep  at  another  50  cents ;  and  than  says  that  at 
least  half  of  this  vast  sum  could  be  saved  bv  hard  roads.  The  com- 
puted  "saving"  is  indeed  an  appalling  sum.  Any  farmer  knows  that 
the  result  is  ridiculous,  and  as  a  consequence  pays  no  attention  to 
any  arguments  oflFered  on  that  side  of  the  road  question.  Most  of 
the  common  arguments  are  misrepresentations  or  over-estimates, 
and  the  manner  of  presentation  is  not  calculated  to  win  converts. 
In  the  pamphlet  mentioned  above,  farmers  are  frequently  referred 
to  as  "fools,"  "ignoramuses,"  etc. 

Is  it  not  remarkable  that  only  the  hard  road  advocate  has  dis- 
covered what  vast  sums  the  farmer  is  losing  by  the  lack  of  hard 
roads?  It  is  certainly  true  that  the  farmers  are  nearly  unanimous 
that  hard  roads  would  save  them  little  or  nothing.  Farmers  are  not 
backward  in  purchasing  improved  farm  tools  or  labor-saving  machin- 
ery. Is  it  not  astonishing  that  they  are  nearly  all  opposed  to  hard 
roads  on  financial  grounds  when  hard  roads  would  save  them  such 
prodigious  sums?  When  eight  million  farmers  are  practically  unani- 
mous on  a  question,  about  which  they  have  more  knowledge  than 
anybody  else,  it  is  safe  to  conclude  that  they  are  nearly  right.  Some 
farmers  are  in  favor  of  hard  roads  on  other  than  financial  grounds. 
Of  course,  in  certain  limited  localities,  hard  roads  are  really  a  finan- 
cial Ix^nefit  to  gardeners,  dairymen,  fruit  growers,  etc.,  and  under 
certain  conditions  also  to  a  few  farmers ;  but  that  does  not  prove  that 
hard  roads  will  be  financially  beneficial  to  the  average  farmer.  It 
is  also  true  that  in  some  localities  hard  roads  have  changed  rural 
property  into  suburban  property,  but  that  does  not  prove  that  there 
would  be  a  like  rise  in  value  of  agricultural  land  due  to  the  construc- 
tion of  hard  roads.  Engineers  at  least  ought  to  be  reasonable  in 
their  arguments  on  the  road  question. 

Mr.  p.  C.  Knight:  The  speaker  has  heard  of  oil  being  used 
on  earth  roads,  giving  excellent  results.  Mud  will  not  stick  to 
wagon  wheels  and  the  roads  will  dry  up  much  quicker.  The  cost 
is  said  to  be  small. 
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As  to  the  use  of  the  road  scraper,  it  is  certain  that  it  produces 
a  smooth  dr>'  road;  however,  the  effect  is  lost  as  soon  as  the  road 
becoines  wet.  The  speaker  knows  of  the  scraper  being  used  on 
what  is  perhaps  the  worst  stretch  of  road  in  the  state.  As  long  as 
the  road  is  dry  it  is  excellent,  but  a  slight  rain  will  make  it  as  impass- 
able as  ever. 

In  Pontiac  three  miles  of  stone  road  have  been  built  at  a  cost  of 
$30,000,  yet  in  spite  of  this  expensive  construction  it  costs  no  less 
for  maintenance  than  any  other  road  in  the  county.  Gravel  roads 
in  the  county  cost  about  $3000  per  mile.     The  gravel  is  close  at  hand. 

Mr.  H.  H.  Gross  :  The  question  of  oil  on  roads  is  still  in  the 
experimental  stage;  but  it  is  hoped  that  it  will  be  useful  in  the 
country.  In  California  the  cost  of  the  oil  is  nominal,  and  the  item 
of  $200.00  a  mile  cannot  be  considered  as  representative.  Machinery 
has  been  used  to  spread  the  oil  on  the  road  so  as  to  work  it  in  two 
or  three  inches  deep.  It  keeps  the  roads  in  pretty  good  shape.  In 
California  it  is  used  more  to  keep  down  the  dust. 

Prof.  Baker  has  stated  that  farmers  do  not  look  favorably  on 
the  question  of  hard  roads,  and  that  because  they  are  unanimous  they 
are  probably  right.  The  Department  of  Agriculture  looks  after  the 
interest  of  the  farmers ;  it  is  advocating  hard  roads  because  it  believes 
them  to  be  beneficial  to  farmers.  That  the  farmers  mav  be  mistaken 
in  their  position  is  ix)ssible.  Twenty-five  years  ago  they  said  tile 
drains  would  ruin  the  country ;  yet  these  have  been  found  to  he  of 
great  value. 

The  ground  freezes,  ordinarily,  after  the  November  rains  when 
the  roads  are  badly  cut  uj):  this  leaves  them  rough  and  almost 
impassable.  The  farmer  must  sell  his  produce,  not  when  the  mar- 
ket is  right,  but  when  the  roads  will  permit :  he  has  produce  that 
the  city  wants  and  is  ready  to  pay  a  good  price  for.  but  he  cannot 
deliver  it.  When  the  roads  are  bad,  prices  are  often  the  best,  as  the 
supply  is  short  on  account  of  the  roads ;  when  the  roads  improve 
prices  usually  go  down  owing  to  the  heavy  shipments  and  over 
supply. 
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The  inability  to  take  advantage  of  the  market  is  costing  the 
farmers  of  Illinois,  at  the  lowest  estimate,  two  cents  upon  every 
bushel  of  grain  they  raise ;  to  say  nothing  of  the  inconvenience  and 
discomfort  of  being  mud  bound,  and  the  extra  expense  of  hauling 
produce  to  the  market  over  poor  roads.  An  eminent  authority  on 
agriculture  says  that  the  farmer  in  any  community  having  hard  roads 
which  will  enable  him  to  market  his  crops  any  day  in  the  year,  can 
by  watching  the  markets  and  taking  advantage  of  good  prices,  gain 
from  three  to  five  cents  on  a  bushel  of  his  grain  and  one-half  cent 
to  one  cent  a  pound  on  stock  over  and  above  what  he  can  ordinarily 
get,  when  for  weeks  at  a  time  he  is  mud  bound  and  can  not  deliver 
his  crops  nor  keep  in  touch  with  the  market.  He  goes  further  and 
says:  '*This  means  an  increase  of  the  cash  profits  on  the  farm  of 
from  seventy-five  cents  to  two  dollars  per  acre.  There  can  be  no 
doubt  that  good,  hard,  every-day-in-the-year  roads  are  worth  one 
hundred  to  three  hundred  dollars  per  year  for  every  quarter  section 
reached  by  them." 

Good  roads  will  save  money  to  every  man,  woman  and  child 
in  the  state;  therefore  all  should  help  pay  for  them.  The  saving 
effected  by  good  roads  would  build  them  every  five  years.  In  other 
words,  they  will  pay  twenty  per  cent,  on  their  cost,  every  year. 

The  last  biennial  report  of  the  Illinois  State  Board  of  Equaliza- 
tion shows  total  assessed  valuation  of  all  forms  of  property  for  the 
entire  state  to  be  $953,000,000.00,  of  which  Cook  County,  including 
Chicago,  contributes  $381,000,000.00  or  40%  of  the  state  total. 
Farmers  and  farm  property  come  next  with  $315,000,000.00  or 
33i%-  Th^  balance  $257,000,000.00  or  26§%  is  made  up  of  cities, 
towns,  villages  and  corporation  property  outside  of  Cook  County. 
Thus,  in  any  good  roads  law,  providing  for  state  aid  in  the  building 
of  roads,  only  ^  of  the  state's  projXDrtion  is  paid  by  the  agricultural 
interests  of  Illinois.  Illinois  can  and  should  give  substantial  aid  in 
building  roads  on  the  main  thoroughfares ;  we  should  have  as  favor- 
able laws  as  New  York  or  New  Jersey. 
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To  assist  in  building  good  permanent  roads,  the  state  should 
levy  a  one  mill  tax  on  the  property  of  the  entire  state.  This  will 
produce  nearly  a  million  dollars  a  year.  Great  as  the  sum  is  it  would 
not  be  felt  when  spread  over  so  much  property.  It  would  be  less 
than  one  cent  an  acre  on  average  farm  property  throughout  the  state. 
This  tax  if  used  to  pay  for  one-third  of  the  cost  of  permanent  hard 
roads  would  permit  the  building  of  two  thousand  miles  per  year. 
When  it  is  considered  that  experience  everywhere  shows  that  every 
dollar  expended  in  building  permanent  hard  roads  adds  from  three 
to  five  dollars  to  the  value  of  all  land  served  by  them,  action  should 
be  taken  at  once. 

Only  the  main  roads  shouldJ)e  macadamized ;  and  these  should 
be  from  nine  to  twelve  feet  wide,  and  in  every  case  there  should 
be  a  dirt  road  provided  alongside.  This  dirt  road,  when  dry  and 
hard,  is  the  best  road  known,  and  will  be  used  in  preference  to  the 
stone  or  gravel  road.  This  method  lengthens  the  life  of  the  hard 
road,  which  if  properly  constructed  and  occasionally  looked  after 
will  last  hundreds  of  years.  The  old  Roman  roads,  built  two  thou- 
sand years  ago  in  Europe,  are  still  good. 

The  cost  of  building  hard  roads,  twelve  feet  wide,  where  mate- 
rial is  convenient,  as  in  many  parts  of  the  northern  and  extreme 
southern  parts  of  the  state,  will  be  from  a  minimum  of  $1,000.00 
per  mile  to  a  maximum  of  $3,000.00  per  mile.  In  other  portions 
where  the  material  would  have  to  be  shipped  some  distance  by  rail, 
the  expense  will  run  from  $2,000.00  to  $4,000.00  per  mile.  For  the 
purpose  of  calculation  $3,000.00  per  mile  is  a  perfectly  safe  figure. 
Under  ordinary  conditions  twelve  to  eighteen  miles  of  hard  roads 
in  a  township  will  cover  most  of  the  main  thoroughfares;  sixteen 
miles,  say,  at  $3,000.00  makes  $48,000.00.  Considering  that  there 
*may  be  some  expensive  bridges  to  build,  or  some  extra  heavy  hills 
to  cut  down,  an  expenditure  of  $60,000.00  per  township  is  certainly 
an  outside  figure. 

The  question  of  state  aid  in  building  country  roads  is  vital  and 
goes  to  the  heart  of  the  whole  matter.     As  the  answer  depends  upon 
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the  size  of  farm,  its  value,  the  assessed  value  of  the  township  and 
the  county,  and  location,  no  answer  can  be  given  that  will  fit  every 
case.  The  following  example,  which  is  based  upon  conditions  that 
represent  the  average  situation  in  Illinois,  will  furnish  an  approxi- 
mate answer.  Let  us  assume  that  John  Jones  owns  a  quarter  sec- 
tion in  a  township  in  central  Illinois  where  the  county  is  made  up  of 
sixteen  townships;  the  records  of  th^  State  Board  of  Equalization 
show  that  $1,800.00  is  an  average  assessed  valuation  of  such  a  farm. 
The  assessed  valuation  of  a  farming  township  is  $300,000.00  or  over ; 
but  we  take  $300,000.00  as  the  basis.  Then  the  assessed  valuation 
of  the  county  would  be  $4,800,000.00  and  under  a  state  and  county 
aid  law,  the  cost  of  hard  roads  fs  divided  into  three  equal  parts, 
charging  same  to  state,  county  and  township.  The  state's  portion 
of  the  cost  would  be  paid  in  cash  from  the  one  mill  tax  levy;  the 
county  and  township  would  pay  their  portions  by  issuing  bonds 
payable  in  twenty  annual  installments,  with  3J/2  or  4%  interest.  To 
meet  these  bonds  with  the  interest,  the  county  and  township  must 
each  raise  upon  an  average  of  $1200.00  per  year  for  twenty  years. 
The  township  tax  must  be  spread  over  $300,000.00  valuation,  which 
will  make  the  rate  four  mills;  the  county  tax  must  be  spread  over 
$4,800,000.00  valuation,  which  makes  the  county  tax  one-fourth  mill ; 
so  upon  the  farm  in  question  the  annual  tax  will  be  state  tax  $1.80, 
county  tax  $0.45,  township  tax  $^.20,  a  total  of  $9.45. 

The  above  is  based  upon  only  one  of  the  sixteen  townships  in 
the  county  building  hard  roads ;  for  every  other  township  where 
$60,000.00  is  expended  for  hard  roads,  the  county  tax  will  be 
increased  one  quarter  of  a  mill,  equal  to  $0.45  per  quarter  section, 
which  would  have  to  be  added  to  the  above.  If  every  township  in 
the  county  should  undertake  at  once  the  building  of  a  similar  sys- 
tem of  roads,  the  county  tax  on  the  farm  would  be  four  mills  or 
$7.20,  which  with  $7.20  for  township  and  $1.80  for  state  tax  would 
bring  the  total  up  to  $16.20.  This  would  represent  the  extreme 
limit  and  would  give  about  two  hundred  and  fifty  miles  of  hard  roads 
in  a  county  twenty- four  miles  square,  which  is  really  more  than 
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one  of  the  best  and  cheapest  materials  known.  Chicago's  great 
drainage  canal  has  upon  its  banks  millions  of  cubic  yards  of  good 
road  material* 

The  railways  are  benefited  by  hard  roads  every  day  in  the  year 
and  it  is  almost  as  much  to  their  interest  to  have  them  built  as  to 
the  farmer.  Under  direction  from  Washington,  a  special  agent  of 
the  Department  of  Agriculture  took  up  the  question  of  transporting 
road  material  with  the  Presidents  of  ten  of  the  leading  railways  of 
Illinois.  In  every  case  they  expressed  their  willingness  to  haul  road 
material  for  this  purpose  at  actual  cost.  One  President  said :  "We 
will  haul  it  on  any  terms  required  and  if  the  cost  isn't  low  enough, 
the  farmers  may  fix  the  tariff."  This  attitude  makes  it  possible  to 
build  hard  roads  at  low  cost  in  any  part  of  the  state. 

There  are  many  other  very  important  results  than  those  given 
to  be  had  from  good  roads.  The  children  in  the  country  must  get 
their  education  principally  during  the  bad  road  season,  November 
to  April ;  with  hard  roads,  the  smaller  children  need  not  stay  out ; 
all  can  go  on  the  rainiest  days.  Better  schools  will  result  from  more 
uniform  attendance. 

Good  roads  make  the  township  high  school  practicable ;  no  other 
influence  will  do  so  much  for  education  in  the  country  as  good  hard 
roads  every  day  in  the  year. 

The  federal  census,  now  nearing  completion,  shows  with 
increased  emphasis  what  has  been  the  striking  fact  in  every  enumera- 
tion taken  since  1870;  this  is  the  remarkable  increase  in  the  popula- 
tion of  great  cities  as  compared  with  the  increase  in  the  rural  dis- 
trict. The  cities  have  levied  a  heavy  tribute  on  the  country  and 
have,  with  increased  numbers  as  the  years  have  gone  by,  drawn 
much  of  the  best  blood  from  the  farms,  until  to-day  a  very  large 
percentage  of  the  business  and  professional  men  in  the  great  cities 
are  farm  bred  and  born.  The  cause  of  this  is  not  far  to  seek.  The 
youth  of  the  farm  dreams  and  longs  for  the  intenser  life  of  the 
city.  He  feels  an  almost  irresistible  desire  to  get  close  to  the  nerve 
centers.     He  is  not  content  to  be  si..  \  in  and  mud  bound  for  weeks 
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and  months  at  a  time.  The  question  of  the  hour  is  "How  to  keep 
the  boys  on  the  farm."  The  answer  is  that  they  be  put  in  contact 
with  the  world. 

Country  life  demands,  and  must  speedily  have,  free  rural  mail 
deliveries  and  the  daily  paper  delivered  on  the  date  of  publication. 
It  demands  a  telephone;  it  demands  above  everything  else  a  com- 
plete system  of  good  hard  ever>'-day-in-the-year  roads.  They  make 
country  life  better  worth  living,  they  broaden  education. 

Under  the  census  of  1870  one  person  lived  in  Chicago  for  every 
eight  and  a  half  persons  in  the  state;  in  1880  one  person  in  Chicago 
for  five  persons  in  the  state ;  in  1890  one  person  in  Chicago  for  two 
and  a  half  persons  in  the  state ;  in  1900  the  returns  show  one  per- 
son in  Chicago  for  1.8  person  in  the  state.  If  this  increase  of  growth 
continues  in  the  city,  in  ten  years  Chicago  will  out  vote  the  balance 
of  the  state  and  dominate  it  politically ;  this  would  be  a  misfortune 
for  both  the  state  and  the  country.  Good  roads  serve  to  'Sistribute 
the  population,  bad  roads  to  congest  it. 

To  summarize  some  of  the  advantages  of  good  roads:  A 
farmer  living  four  miles  from  town  can  haul  four  heavy  loads  per 
team  per  day ;  his  son  or  daughter  goes  to  town,  often  reaching  it  in 
thirty  minutes  on  a  bicycle;  he  can  get  the  doctor  out  in  half  the 
time  that  he  can  at  present;  should  he  break  down  at  harvest  or 
threshing  time  he  can  go  in,  get  repairs  and  get  back  in  half  the 
time  this  requires  now ;  if  he  desires  to  go  to  church  he  can  do  so 
in  comfort  every  day  in  the  y^ar ;  when  it  is  too  wet  to  work  in  the 
field  the  hired  man  can  haul  grain  or  stock  to  the  market ;  distance 
is  no  longer  measured  by  the  yard  stick,  but  by  the  clock's  tick. 
Good  roads  cut  every  mile  in  two.  With  good  roads  the  steep  hard 
hills  will  be  cut  down,  the  low  places  filled  up,  and  easy  grades  estab- 
lished. Driving  on  good  roads  is  a  pleasure  and  not  a  task.  Good 
roads  make  farm  life  worth  living. 

The  maintenance  of  the  roads  after  they  are  built  must  be  care- 
fully looked  after.  Under  the  law  now  proposed  they  would  be 
gone  over  every  thirty  days,  and  would  be  under  the  supervision 
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of  some  one  who  is  responsible  and  who  sees  that  work  is  done 
properly  and  at  the  proper  time.  In  Austria  the  roads  are  taken 
care  of  by  the  national  government  and  by  districts.  In  Italy  it  is 
the  same.  In  Denmark  they  are  under  the  control  of  the  state  engi- 
neer. The  roads  of  Belgium  are  under  the  local  authorities.  In 
the  Netherlands  they  are  maintained  by  the  general  government. 
In  Switzerland  the  government  has  few  roads,  most  of  them  are 
controlled  bv  the  canton. 

Mr.  J.  H.  Burn  HAM :  The  speaker  has  worked  in  the  interest 
of  good  roads  for  the  last  twenty-five  years.  His  business  has 
brought  him  in  contact  with  many  Highway  Commissioners  and  he 
is  well  acquainted  with  road  work.  It  is  unjust  to  say  that  taxes 
paid  in  labor  are  wasted.  This  may  occur  in  few  places  but  is 
exceptional.  It  is  a  fact  that  townships  in  which  all  the  road  tax 
fs  paid  in  labor  often  have  better  roads  than  adjacent  townships  in 
which  the  tax  is  paid  in  cash.  Many  farmers  contribute  a  great 
deal  more  than  their  taxes  to  put  roads  in  good  condition ;  it  is  the 
custom  of  public  spirited  farmers  to  make  donations  for  the  good 
of  roads. 

The  matter  of  state  aid  in  building  permanent  roads  should  be 
looked  into.  The  people  of  the  cities  seem  to  be  willing  to  give  aid 
and  some  system  should  be  devised  by  which  they  are  taxed  as  much 
as  possible.  The  time  is  coming  when  the  cities  must  do  a  great 
deal.  There  are  twcntv-four  counties  in  the  state  which  are  miser- 
ably  poor,  so  poor  that  they  are  allowed  a  levy  of  only  25  cents  on 
$100.00  assessed  valuation.  This  is  not  enough  to  provide  for  the 
enforcement  of  laws,  let  alone  improvements,  and  some  plan  should 
be  devised  by  which  the  wealthier  portions  of  the  state  may  help 
these  poorer  counties. 
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HARD  ROADS  OF  McLEAN  COUNTY,  ILLS. 


BY  A.   H.  BELL. 


McLean  is  probably  not  a  pioneer  county  on  the  question  of 
hard  roads,  but  it  has  made  a  beginning  and  some  experience  has 
been  gained  which  may  be  of  value  in  other  sections  of  the  country 
situated  under  similar  conditions.  Note  must  be  taken  of  the  state-' 
ment  '*under  similar  conditions,"  because  circumstances  in  the  vari- 
ous sections  of  the  country  modify  the  requirements  to  such  a  radical 
extent,  that  what  might  be  a  decided  success  in  one  place,  might  be 
too  expensive  or  impractical  elsewhere. 

Nature  of  the  Soil.  The  soil  over  which  roads  or  highways 
have  to  be  built  in  McLean  Countv  is  either  of  the  nature  of  a  black 
loam  or  yellow  clay,  the  former  predominating.  As  is  well  known 
either  of  the  above  soils  will  readily  become  soft  and  yielding  under 
the  influence  of  frost  and  water. 

Roads  Built,  So  far  as  the  author  is  aware  there  are  but  three 
townships  in  McLean  County  that  have  made  any  material  progress 
in  the  construction  of  hard  roads :  ( i )  Lexington  township,  in  which 
is  situated  the  town  or  village  of  Lexington;  (2)  Cheney's  Grove 
Township,  in  which  is  situated  the  town  of  Saybrook,  and  (3) 
Bloomington  Township.  There  are  probably  some  other  isolated 
stretches  of  hard  road  in  the  other  townships,  but  they  are  of  small 
magnitude  and  of  the  same  general  construction  as  those  herein- 
after described.  They  will  be  considered  in  the  general  order  above 
enumerated. 

The  information  concerning  these  roads  was  obtained  from  the 
road  commissioners  along  with  personal  observation  of  and  inspec- 
tion bv  the  author. 
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( I )  Lexington  Township.  Lexington  Township,  lying  about 
15  miles  northeast  of  Bloomington,  has  about  22  miles  of  gravel 
roads  which  radiate  in  the  cardinal  directions  of  the  compass  from 
the  town  of  Lexington. 

The  roads  are  constructed  under  the  supervision  of  the  High- 
way Commissioners  of  whom  there  are  three  in  each  township.  The 
general  construction  is  as  follows :  The  gravel  is  hauled  by  teams 
from  the  bank  and  deposited  in  a  width  of  about  12  feet.  When 
spread  out  and  leveled  off,  this  makes  a  road-bed  15  or  16  feet  in 
width  and  10  to  12  inches  in  depth  at  the  center.  About  five  loads 
of  gravel  are  required  to  the  rod  in  length  having  the  above  cross 
section.  The  cost  of  building  the  gravel  road  is,  of  course,  more  or 
less  regulated  by  the  proximity  of  the  gravel  bed.  Roads  con- 
structed during  the  past  year  cost  on  an  average  about  $1200  a  mile. 
The  haul  was  about  three  miles,  the  cost  of  hauling  being  60  cents 
per  cubic  yard.  The  cost  of  the  gravel  was  10  cents  per  cubic  yard 
at  the  bank.  In  a  general  way,  the  gravel  roads  of  Lexington  Town- 
ship cost  from  $1000  to  $1500  per  mile,  depending  upon  the  prox- 
imity of  the  gravel  pit.  The  author's  understanding  is,  that  the 
items  of  tiling  and  grading  do  not  enter  into  this  estimate,  as  this 
has  generally  been  done,  where  it  was  deemed  necessary-,  in  previous 
years. 

The  roads  are  pretty  generally  graded  up  by  the  road  grader, 
and  no  special  grading  is  done  as  a  preparation  for  the  gravel.  The 
general  practice  is  to  place  the  gravel  road  rather  to  one  side  of  the 
highway,  thus  leaving  a  dirt  road  to  be  used  when  in  proper  condi- 
tion. It  is  possible  to  use  this  dirt  road  during  a  very  large  portion 
of  the  year.  This  is  a  very  essential  and  important  feature  of  gravel 
road  construction  in  McLean  County. 

The  oldest  gravel  road  in  Lexington  Township  has  been  in  use 
about  16  years  and  is  still  in  good  condition.  As  to  maintenance 
and  repairs  of  the  gravel  roads  in  McLean  County,  it  is  necessary 
to  do  some  repairing  each  year.  A  few  loads  of  gravel  are  put  in 
where  depressions  develop ;  but  the  expense  of  maintenance  is  very 
small  and  much  less  than  in  the  ordinary  dirt  road. 
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and  8  inches  deep,  in  which  the  Novaculite  was  placed.  It  was  rolled 
with  a  six  ton  roller.  The  cost  of  the  Novaculite  was  75  cents  per 
square  yard  laid  down.  ^ 

As  to  the  merits  of  Novaculite  for  hard  roads  on  the  soil 
described,  there  is  at  this  time  much  diversity  of  opinion.  The  short 
time  it  has  been  down  does  not  justify  either  condemning  or  recom- 
mending it.  The  author,  however,  has  had  considerable  experience 
with  the  material  in  Cairo  and  suburbs  and  can,  therefore,  speak 
from  some  personal  observation.  Where  the  road  bed  is  kept  clean 
from  mud  it  proves  a  very  satisfactory  and  durable  article.  The  top 
surface  grinds  into  a  dust,  which  upon  the  application  oi  water  or 
rain,  has  the  property  of  cementing  and  becoming  very  compact  and 
hard,  also  quite  smooth.  But  if  mud  is  allowed  to  accumulate  on 
it,  or  teams  come  on  it  from  mud  roads,  it  will  "pick  up"  and  become 
full  of  holes  and  sinks,  even  more  so  than  macadam.  This  is  especi- 
ally the  case  when  the  pavement  is  of  recent  construction  and  has 
not  become  thoroughly  compacted  and  solidified.  The  writer  does 
not  regard  Novaculite  as  much  superior  to  a  good  quality  of  gravel 
for  hard  roads  in  the  locality  of  McLean  County.  What  there  is 
has  been  laid  at  great  expense,  and  it  is  hoped  that  it  will  prove  a 
great  success.  Its  great  cost,  however,  will  preclude  its  further  use 
in  this  locality. 

The  gravel  roads  as  described  in  the  two  townships  above  are 
a  success  and  give  universal  satisfaction.  This  is  proved  by  the  fact 
that  more  miles  of  gravel  roads  are  being  added  each  year  in  the 
townships  quoted,  which  is  an  endorsement  beyond  question. 

The  method  of  construction  of  gravel  roads*  in  McLean  County 
has  been  somewhat  primitive,  no  doubt,  and  in  all  respects  an  air  of 
economy  has  pervaded  the  minds  of  the  Highway  Commissioners. 
The  author  is  not  aware  of  the  services  of  an  Engpineer  being  engaged 
in  their  construction,  either  in  tiling  or  preparation  of  the  road  bed. 
There  is  no  doubt  but  that  the  services  of  a  good  practical  and  experi- 
enced Engineer  would  add  to  their  general  benefit  and  very  materi- 
ally to  their  sightly  appearance;    but  the  Highway  Commissioners 
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are  generally  selected  from  the  farming  community  and  they  only 
employ  a  surveyor  or  engineer  as  they  do  a  doctor  or  lawyer,  i.  e. 
in  self-defense.     This  will  change  with  time  and  education. 

Certain  facts  seem  to  have  become  established  from  the  experi- 
ence of  building  gravel  roads  in  McLean  County.  First,  they  are 
a  success  from  a  financial  and  economical  standpoint,  affording  a 
very  satisfactory  means  of  transportation  at  any  and  all  seasons  of 
the  year.  They  enable  the  farmer  to  deliver  the  products  of  his 
farm  to  the  highest  market  afforded,  and  they  reduce  very  materially 
the  annual  expense  of  the  road  grader  and  other  repairs  on  the  com- 
mon dirt  road.  Second,  gravel  has  proven  so  far  the  most  desirable 
material  for  a  road  bed  in  this  locality.  Third,  the  gravel  bed  should 
be  laid  to  one  side  of  the  road.  Fourth,  the  road  bed  should  be 
thoroughly  tiled  or  drained  before  laying  gravel.  Fifth,  the  quality 
of  gravel  giving  the  best  results  is  a  clean  gravel  (free  from  mud 
or  clay)  with  about  25  jx^r  cent,  of  sand  to  act  as  a  binder ;  in  general, 
this  gravel  should  not  exceed  one  inch  in  diameter.  Sixth,  the  cost 
of  maintenance  is  very  light  when  properly  constructed. 

DISCUSSION. 

Mr.  W.  a.  Hay  :  The  roads  have  so  far  all  been  built  bv 
fanners,  there  being  no  engineering  supervision.  If  work  were  done 
under  a  state  engineer,  assisted  by  local  engineers,  better  roads  would 
result. 

The  matter  of  grades  on  the  roads  is  imiK>rtant;  they  should 
be  cut  down  to  some  practical  limit  which  would  greatly  increase 
the  size  of  load  that  could  be  hauled. 

Mr.  H.  H.  Gross:  The  bill  now  before  the  legislature  con- 
templates a  state  engineer  and  resident  engineer  in  charge  of  work. 
When  the  roads  are  once  built  under  this  supervision,  the  cost  of 
maintenance  will  be  verv  small. 

Mr.  J.  A.  Harm  AN :  The  Novaculite  pavement  in  Peoria  has 
given  various  results.  One  block  picked  up  considerably  and  another 
was  very  good.     It  is  a  good  pavement  for  resident  streets. 
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Mr.  J.  G.  Melljjish  :  The  NovacuHte  is  no  different  from  any 
other  crushed  stone;  if  it  is  muddy  it  will  pick  up.  This  indicates 
the  precaution  which  must  be  used  with  Novaculite  pavement.  On 
the  road  near  Bloomington,  paved  with  this  material,  a  size  of  stone 
known  as  No.  3  was  used,  this  will  pass  through  a  three  quarter  inch 
sieve.  It  is  preferable  to  the  finer  for  a  binder,  and  gives  a  smooth 
surface;  although  it  will  absorb  more  or  less  moisture  which  will 
cause  it  to  pick  up  from  freezing  and  thawing. 
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MODERN  BRICK  PAVEMENTS. 


BY  W.  H.  TARRANT. 


The  early  brick  pavements  of  this  country  were,  to  a  large 
extent,  faihires  because  of  a  lack  of  knowledge  of  the  requirements 
of  a  durable  brick  pavement,  and  the  inferior  quality  of  materials 
available  at  that  time.  The  first  brick  pavement  which  was  con- 
structed  in  the  United  States  was  at  Charleston,  W.  Va.,  in  1872. 
This  pavement  had  a  foundation  of  three  inches  of  gravel,  well 
rolled ;  on  this  was  laid  inch  boards  dipped  in  coal  tar,  upon  which 
was  placed  an  inch  and  one-half  sand  cushion.  The  top  course  con-  , 
sisted  of  common  red  brick  laid  on  edge,  herring  bone  fashion  with 
sand  filler.  This  pavement  did  not  give  good  results,  and  in  a  few 
years  was  beyond  repair. 

The  next  effort  to  secure  a  durable  pavement  was  the  common 
two-course  pavement  which  we  see  in  so  many  of  our  cities  to-day. 
The  earlier  pavements  of  this  class  gave  scarcely  any  better  results 
than  the  Charleston  pavement,  owing  to  the  inferior  materials  and 
construction. 

A  few  years  ago  the  construction  of  brick  pavements  with  a 
concrete  foundation  was  commenced.  By  rigid  requirements  in  the 
specifications,  and  the  desire  of  the  brick  manufacturers  to  make 
more  durable  brick,  there  have  been  produced  brick  pavements  in 
this  country  which  are  the  best  in  the  world. 

The  object  of  this  paper  is  to  give  a  few  of  the  many  require- 
ments of  a  brick  paveinent  with  a  broken  stone  concrete  foimda- 
tion,  concrete  curb  and  gutter,  and  one  course  of  brick.  This  kind 
of  pavement  is  the  only  one  which  will  give  satisfactory  results.    The 
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writer  will  place  the  subject  of  construction  under  the  following 
heads : 

1.  Connections,  gas,  water,  etc. 

2.  Sub-grade. 

3.  Crown  of  street. 

4.  Concrete  curb  and  gutter. 

5.  Concrete  foundation. 

6.  Sand  cushion. 

7.  Laying  and  rolling  the  brick. 

8.  Filling  the  interstices  between  the  brick. 

I.  When  an  ordinance  is  passed  for  the  paving  of  a  street, 
notice  should  be  given  the  property  owners  along  the  line  of  the 
proposed  improvement  to  make  the  necessary  gas,  water,  sewer  and 
drain  connections  to  their  premises.  In  case  this  notice  is  not  com- 
plied with  by  the  property  owner,  the  city  should  make  the  connec- 
tions and  when  they  are  used,  the  actual  cost  with  interest  should  be 
charged  to  the  owner.  All  connections  should  be  made  under  the 
direction  of  the  City  Engineer  or  his  assistants  and  should  be  made 
in  a  satisfactory  manner.  If,  by  reason  of  neglect  or  oversight,  the 
private  connections  are  not  made  until  the  pavement  is  completed 
and  the  connections  are  then  desired,  application  should  be  made  to 
the  City  Clerk  and  an  amount  deposited  sufficient  to  make  the  desired 
connection,  concrete  the  trench,  and  relay  the  ])avement.  The  work 
should  be  done  by  the  City,  and  if  the  amount  deposited  is  larger  than 
the  actual  cost  of  connection,  the  balance  should •l)e  rebated  to  the 
applicant. 

If,  at  any  time,  the  city  authorities  grant  a  franchise  or  privilege 
to  any  company  or  coriK)rati<)n  which  necessitates  the  tearing  up  of 
tlie  ])avement  to  lay  gas,  water,  or  any  other  mains  or  conduits  there 
should  be  sti])ulated  in  the  franchise  certain  requirements,  b'irst, 
all  surplus  should  be  removed  from  the  trenches.  Second,  after  the 
mains  are  properly  laid,  the  trench  must  he  filleil  with  broken  stone 
or  gravel  concrete  to  the  re(iuired  depth.     Third,  in  case  this  is  not 
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done,  the  trench  must  be  filled  with  cinders,  gravel  or,  preferably, 
well  tamped  clay  to  within  eighteen  inches  of  the  top  of  the  concrete 
foundation ;  then  removing  from  the  sides  of  the  trench,  commenc- 
ing at  the  sub-grade  and  running  outward  at  an  angle  of  thirty 
degrees,  enough  soil  to  make  a  ledge  of  six  inches  on  either  side  of 
the  trench ;  completing  the  filling  with  gravel  or  broken  stone  con- 
crete upon  which  the  pavement  is  to  be  relaid.  If  the  various  con- 
nections are  completed  before  the  awarding  of  the  contract,  there 
can  be  no  delay  to  the  contractor  by  reason  of  connections  along  the 
line  of  the  work. 

2.  The  grading  should  be  done  in  the  following  manner: 
Where  excavation  is  necessary,  no  plo.w  should  be  used  within  three 
inches  of  the  finished  sub-grade.  The  remaining  excavation  should 
be  dressed  off  with  hand  tools.  Where  filling  is  necessary,  it  should 
be  done  in  layers  of  not  more  than  four  inches,  each  layer  well 
dampened  and  rolled.  All  soft  or  spongey  places  should  be  removed 
and  filled  with  gravel  well  rolled.  The  surface  after  being  brought 
to  sub-grade  (with  allowance  for  rolling)  should  be  thoroughly 
rolled  with  a  roller  at  least  five  feet  in  width  and  weighing  not  less 
than  two  hundred  and  fifty  pounds  per  inch  in  width.  After  the 
sub-gfrade  is  thoroughly  rolled  and  ready  for  the  concrete  founda- 
tion, no  loaded  or  empty  wagons  or  other  vehicles  should  be  per- 
mitted on  the  subgrade,  unless  it  be  ])rotected  by  a  covering  of 
boards.  All  paving  material  shcnild  be  placed  along  the  line  of  the 
proposed  improvement  before  the  completion  of  the  sub-grade. 

3.  The  cross  section  of  the  street  should  be  j)aral)olic  in  form 
with  the  vertex  of  the  parabola  in  the  middle  of  the  street.  In  the 
practice  of  the  writer,  the  following  formula  has  been  used  with 
excellent  results:  Ci=.oi4  wX-03»  where  C  is  crown  of  street,  and 
w  the  width  of  street  in  feet.  The  constant  .03  of  a  foot  is  added 
to  the  middle  ordinate  of  the  street,  so  as  to  slightly  elevate  the  cen- 
ter and  thus  avoid  a  flattened  place  in  the  street,  and  to  secure  better 
drainage  and  a  cleaner  street. 
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4.  For  the  residence  portion  of  a  city,  there  is  no  one  feature 
of  a  brick  pavement  which  adds  more  to  the  pleasing  appearance  of 
the  street  than  a  concrete  curb  and  gutter  and  when  properly  con- 
structed, and  first  class  materials  are  used,  it  will  be  as  durable  as 
any  other  portion  of  the  pavement.  The  gutter  should  have  a  width 
of  eighteen  inches  and  a  thickness  of  six  inches,  and  the  curb  a  thick- 
ness of  fivQ  inches,  for  a  street  having  a  width  of  thirty-six  feet. 
The  gutter  should  have  a  slope  of  one  inch  towards  the  curb.  The 
height  of  the  curb  above  the  gutter  should  be  seven  inches.  The 
upper  face  edge  and  juncture  of  the  curb  and  gutter  should  have  a 
radius  of  one  and  one-quarter  inches,  and  the  construction  should  be 
such  as  to  make  the  curb  and  gutter  one  solid  mass. 

The  foundation  should  be  six  inches  of  gravel  or  cinders,  well 
dampened,  and  thoroughly  tamped  with  a  tamper  having  an  area 
of  not  less  than  thirty-six  inches  and  weighing  not  less  than  thirty 
pounds.  The  concrete  portion  of  the  curb  and  gutter  should  con- 
sist of  one  part  Portland  cement  and  five  parts  clean  gravel.  The 
cement  and  gravel  should  be  thoroughly  mixed  dry,  then  water  added 
until  the  mass  is  a  little  more  than  moist,  then  placed  in  forms  and 
well  tamped  with  a  tamper  as  described  for  the  foundation.  The 
author  is  of  the  opinion  that  the  secret  of  a  first  class  concrete  curb 
and  gutter  is  to  have  the  concrete  well  tamped.  The  finish  coat 
should  be  one  inch  in  thickness  and  consist  of  one  part  of  Portland 
cement  and  one  and  one-half  parts  of  clean  sharp  sand.  The  finish 
coat  should  be  placed  on  the  concrete  before  the  concrete  has  begun 
to  set  and  thoroughly  troweled,  so  as  to  give  a  perfect  bond  between 
the  two.  If  this  precaution  is  taken,  there  need  be  no  fear  of  hol- 
low blocks.  The  concrete  curb  and  gutter  should  be  made  in  alter- 
nate sections,  and  in  lengths  of  seven  feet. 

The  finished  curb  and  gutter  should  be  protected  from  the  sun 
and  wind  by  a  covering  of  canvas,  for  at  least  twenty-four  hours. 
In  extremely  dry  weather  the  curb  and  gutter  should  be  sprinkled 
at  least  once  a  dav  for  three  or  four  days.  The  catch  basin  inlets 
should  be  built  in  the  curbs.     The  best  form  of  inlet  is  the  corner 
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inlet  with  vertical  bars,  this  inlet  will  never  become  clogged  by  leaves 
c^r  rubbish  on  the  street. 

5.  One  of  the  most  important  parts  of  a  durable  brick  pave- 
ment is  the  concrete  foundation  or  sub-structure  for  the  brick.  This 
is  one  portion  of  the  pavement  which,  fn  many  instances,  is  neglected 
and  one  which  should  have  the  greatest  care.  One  of  the  primary 
elements  of  a  first  class  foundation  is  to  have  a  perfect  sub-grade 
upon  which  to  lay  the  concrete. 

The  concrete  should  be  composed  of  one  part  of  American 
natural  hydraulic  cement,  I  wo  parts  clean  sharp  sand  and  four  parts 
of  broken  stone.  If  Portland  cement  is  used  instead  of  the  Natural 
cement,  the  proportion  should  be  one  of  cement,  three  of  sand  and 
six  of  broken  stone,  or  if  the  gravel  is  used  instead  of  the  broken 
stone,  one  of  Portland  cement  to  eight  of  gravel.  Recent  experi- 
ments with  the  broken  stone  concrete  and  gravel  concrete  (using 
the  Natural  cement  in  the  broken  stone  concrete  and  the  Portland 
cement  in  the  gravel  concrete)  the  gravel  concrete  gave  an  increase 
of  strength  of  30  to  50%  over  the  broken  stone  concrete.  The  thick- 
ness of  the  concrete  foundation  should  be  six  inches,  and  under  all 
street  car  tracks  the  concrete  should  have  a  depth  of  six  inches  below 
the  bottom  of  the  ties.  The  sand  and  cement  should  be  thoroughly 
mixed  dry  until  the  mass  has  a  uniform  color,  and  then  enough  water 
to  give  it  the  proper  consistency.  The  broken  stone  is -then  to  be 
added,  and  the  mass  turned  three  times  and  then  shoveled  into  the 
work. 

To  give  the  surface  of  the  concrete  foundation  the  proper  crown, 
the  best  method  is  to  set  a  line  of  stakes  along  the  center  of  the 
street  about  three  feet  apart,  then  by  means  of  a  templet  with  one 
end  on  the  center  stakes  and  the  other  end  on  the  curb,  set  a  line  of 
stakes  perpendicular  to  the  curb  line  and  about  three  feet  apart,  driv- 

« 

ing  the  stakes  to  the  exact  surface  of  the  finished  concrete.  By  this 
method  the  grader  has  ample  opportunity  to  bring  the  surface  to  a 
perfer*  o^rade. 
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One  of  the  most  important  matters  in  making  the  concrete 
foundation,  and  one  which  is  very  often  neglected,  is  the  tamping  of 
the  concrete.  The  concrete  should  be  tamped  with  a  tamper  weigh- 
ing not  less  than  thirty  pounds  and  having  an  area  of  not  more  than 
twenty-five  square  inches.  It  should  be  thoroughly  done.  After  it 
is  sufficiently  tamped  with  the  iron  tamper  and  any  hollow  places 
appear,  they  should  be  filled  with  cement  mortar  and  again  tamped 
with  an  oak  tamper  about  eighteen  inches  square.  The  surface  of 
the  concrete  should  then  be  parallel  to  the  surface  of  the  finished 
pavement.  Much  depends  upon  this,  and  if  not  done,  the  pavement, 
when  completed,  will  be  flat  in  places  and  have  a  wavy  appearance. 
After  the  concrete  has  set  a  few  hours  it  should  be  covered  with  a 
half-inch  of  clean  moist  sand.  In  extremely  dry  and  hot  days  it 
should  be  sprinkled  a  few  times  each  day  until  the  bricks  are  laid. 

6.  The  sand  cushion  should  be  of  clean  dry  sand  and  have  a 
thickness  of  one  and  one-quarter  inches.  It  should  be  graded  by 
means  of  a  templet  having  the  exact  contour  of  the  street.  It  should 
be  so  constructed  that  one  end  of  the  templet  will  rest  on  strips  in  the 
center  of  the  street  and  the  other  end  on  the  curb.  The  sand  at  all 
times  should  be  perfectly  dry,  and  under  no  other  condition  should 
the  cushion  be  luted. 

7.  The  bricks  should  be  laid  in  rows  perpendicular  to  the  curb, 
except  at  street  intersections  where  they  should  be  laid  at  an  angle 
of  forty-five  degrees.  Bats  should  be  used  only  in  commencing  the 
rows  and  making  the  closures,  and  should  be  used  in  no  other  place. 
The  brick  should  be  laid  with  the  least  possible  space  between  them. 
Wheeling  on  the  pavement  should  be  done  on  boards  and  the  brick 
should  be  dumped  from  the  barrows  in  the  direction  of  the  rows. 
After  the  brick  are  laid  they  should  be  carefully  inspected.  All 
chipped  brick  should  be  turned,  the  soft  and  defective  ones  should 
be  thrown  out  and  replaced  with  good  ones. 

The  best  method  of  laying  brick  between  street  car  tracks  is  to 
lay  them  parallel  to  the  rails.  One  row  on  the  outside  of  the  rails 
should  also  be  laid  parallel  to  the  rail.     This  row  gives  the  trackmen 
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a  chance  to  tighten  up  the  boUs  or  drive  spikes  without  molesting 
more  than  one  row.  The  first  row  on  the  inside  should  be  laid  flat 
when  a  six  inch  "T"  rail  is  used.  The  remaining  rows  are  laid  on 
edge  and  if  the  three  and  three  eights  inch  brick  are  used  no  cutting 
is  necessary. 

The  rolling  of  the  brick  should  be  done  parallel  to  the  curb 
commencing  at  the  center  and  rolling  towards  the  outside.  It  should 
be  done  with  a  roller  weighing  not  less  than  two  hundred  pounds 
per  inch  in  width.  The  pavement  should  be  rolled  at  least  three 
times.  After  the  rolling  is  done  the  brick  should  have  their  final 
inspection  and  all  bfoken  or  chipped  brick  removed,  and  replaced 
by  good  brick. 

8.  If  the  brick  are  standard  brick  and  not  repressed,  sand 
makes  the  best  filler,  but  if  they  are  repressed  brick,  the  Portland 
cement  grout  should  be  used.  If  the  manufacturers  of  paving  brick 
would  discontinue  the  use  of  the  repress  machine  we  would  have  a 
better  quality  of  brick.  The  repressing  of  the  brick  destroys  the 
bond  which  is  given  the  clay  when  it  comes  from  the  brick  machine 
and  the  repress  machine  does  not  put  enough  pressure  on  the  brick 
to  make  a  new  bond.  The  result  is  that  after  the  brick  are  burned 
and  placed  in  the  street  they  scale  off  on  the  edges.  In  the  standard 
brick  the  bond  is  not  broken  and  the  brick  do  not  scale  or  chip  in  the 
street. 

If  the  sand  filler  is  used  the  sand  should  be  clean,  sharp,  dry, 
and  fine.  The  sand  should  be  placed  on  the  street  in  thin  layers  and 
thoroughly  broomed  into  the  joints  with  steel  brooms.  When  the 
interstices  of  the  pavement  are  all  filled  a  half  inch  of  sand  should 
be  left  on  the  pavement. 

If  the  grout  filler  is  used  it  should  consist  of  one  part  of  Port- 
land cement  and  one  part  of  clean,  sharp  sand.  The  cement  and 
sand  should  be  thoroughly  mixed  dry  in  a  tight  box  about  two  and 
one  half  feet  wide  and  about  four  feet  long.  Water  should  be  added 
until  the  mass  has  the  consistency  of  thick  cream,  then  it  may  be 
poured  on  the  pavement  and  broomed  into  the  joints.     It  should  be 
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applied  in  two  courses,  the  second  course  be  mixed  a  little  thicker 
than  the  first.  When  the  joints  are  well  filled  and  the  cement  is 
allowed  to  set  for  a  few  hours,  a  coat  of  sand  should  be  placed  over 
the  pavement  to  protect  the  grout  from  the  wind  and  sun.  The 
grout  should  be  allowed  to  set  from  seven  to  ten  days  before  the 
traffic  is  turned  on  the  street. 

In  the  preceding  paragraphs  the  author  has  to  some  extent  dis- 
cussed a  few  of  the  many  requirements  of  a  durable  brick  pavement, 
but  no  mention  has  been  made  of  the  quality  of  the  materials,  one  of 
the  most  important  elements  of  a  first  class  pavement.  The  City 
Engineer  who  has  not  the  apparatus  to  test  all  the  materials  which 
are  put  in  the  pavement,  has  the  sympathy  of  all  lovers  of  first  class 
work. 

Cement,  The  cement  which  is  used  in  the  construction  of  the 
pavement  should  be  thoroughly  tested.  There  are  at  present  so 
many  diflferent  brands  of  cement  on  the  market  and  so  many  differ- 
ent grades,  that  if  it  is  not  tested,  the  chances  are  that  an  inferior 
quality  of  cement  will  be  used.  The  cement  should  be  the  best 
quality  hydraulic  cement. 

The  contractor  should  notify  the  Engineer  of  the  arrival  of  the 
cement  and  samples  should  be  secured  by  the  Engineer  or  his  assist- 
ants. Not  less  than  ten  samples  should  be  secured  from  each  car. 
The  cement  should  be  tested  for  soundness  by  mixing  up  three  pats, 
which  are  placed  in  water  after  the  cement  has  its  initial  set.  If 
the  cement  shows  cracks,  contortions,  or  discoloration  it  should  be 
rejected.  The  initial  and  final  set  should  be  determined.  For  Port- 
land cement,  the  initial  set  should  be  not  less  than  thirty  minutes, 
nor  more  than  one  hour,  and  for  natural  cement  not  less  than  ten 
nor  more  than  thirty  minutes.  The  final  set  for  Portland  should  be 
from  two  to  six  hours  and  for  Natural  cement  from  thirty  minutes 
to  one  hour. 

The  cement  should  be  evenly  ground  and  when  tested  with  the 
following  standard  sieves,  should  pass  at  least  the  following  per- 
centages -: 


it 

ft 
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Natural  Portland. 

No.    20  sieve,  having    20  meshes  per  lineal  inch 100%         100% 

No.    50  sieve,  having    50  meshes  per  lineal  inch 90%  98% 

No.    74  sieve,  having    74  meshes  per  lineal  inch ... .  80%  95% 

No.  100  sieve,  having  100  meshes  per  lineal  inch 90% 

The  diameter  of  wire  for  the  sieves  being  respectively  Nos.  28, 
35,  37,  and  40  Stubs'  wire  gauge. 

The  required  tensile  strength  for  American  natural  hydraulic 
cement  should  be  as  follows: 

Neat  Cement: 

One  day,  till  set  in  air,  remainder  of  time  in  water 60  lbs 

Seven  days,  one  day  in  air,  six  days  in  water 150 

Thirty  days,  one  day  in  air,  twenty-nine  days  in  water 275 

Cement  one  part,  sand  one  and  one  half  parts : 

Seven  days,  one  day  in  air,  six  in  water 50  lbs 

Thirty  days,  one  day  in  air,  twenty-nine  in  water 100    " 

The  required  tensile  strength  for  Portland  cement  should  be  as 
follows : 

Neat  Cement: 

One  day  till  set  in  air,  remainder  of  time  in  water « •  I75  lbs 

Seven  days,  one  day  in  air,  six  in  water 500  " 

Thirty  days,  one  day  in  air,  twenty-nine  in  water 650  " 

Cement  one  part,  sand  three  parts : 

Seven  days,  one  day  in  air,  six  in  water 100  lbs 

Thirty  days,  one  day  in  air,  twenty-nine  in  water 175    " 

Brick,  The  brick  should  be  straight,  regular  in  size  and  shape, 
and  free  from  flaws  or  cracks.  They  should  be  expressly  made  for 
paving  purposes  and  should  be  hard  and  tough  and  thoroughly  vit- 
rified, and  should  fill  the  following  requirements: 

The  modulus  of  rupture  for  transverse  strength  must  be  not  less 
than  two  thousand  (2,000)  pounds  per  square  inch,  computed  by  the 
formula : 


2bd 
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in  which  R  is  the  modulus  of  rupture  in  pounds  per  square  inch,  P 
the  load  in  pounds,  1  the  length,  b  the  breadth,  and  d  the  depth,  all 
dimensions  being  in  inches. 

The  brick  should  not  absorb  more  than  four  (4)  per  cent,  of 
their  weight  of  water  after  being  broken  and  immersed  for  forty- 
eight  (48)  hours. 

The  abrasion  test  should  be  made  by  placing  not  more  than 
twelve  bricks  in  a  rattler  twenty-four  (24)  inches  in  diameter  by 
thirty  (30)  inches  long,  together  with  one  hundred  and  seventy-five 
(175)  pounds  of  eight  pound  shot  and  one  hundred  and  seventy-five 
(175)  pounds  of  one  pound  shot.  The  shot  will  be  of  cast  iron,  the 
eight  pound  being  2j/^"x3J^"x5^",  with  edges  rounded  to  a 
one  half  inch  radius,  and  the  one  pound  being  i"xij/$"x2j4'',  with 
rounded  edges.  The  tattler  will  then  be  revolved  one  thousand 
(1000)  revolutions  at  a  speed  of  between  twenty  and  thirty  revolu- 
tions per  minute.  The  loss  of  weight  at  the  end  of  the  test  should 
not  be  more  than  twelve  per  cent. 

In  conclusion  the  author  would  suggest  that  the  contract  be 
awarded  to  a  reliable  contractor,  one  who  will  do  a  perfect  job  and 
has  the  reputation  of  doing  good  work.  An  inspector  should  be 
secured  who  has  a  perfect  knowledge  of  the  construction  and  one 
who  can  be  relied  upon ;  not  the  political  inspector  who  secures  his 
job  by  reason  of  his  "pull".  Close  attention  should  be  paid  to  the 
little  details  of  the  work,  as  this  is  one  of  the  secrets  of  a  perfect  job. 
If  the  best  materials  and  workmanship  are  secured,  there  need  be 
no  fear  of  inferior  brick  pavements. 
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DISCUSSION. 

THE   ADVANTAGES   AND   VALUES   OF    FILLERS    FOR    BRICK    PAVEMENTS. 

Prof.  I.  O.  Baker  :  The  speaker  believes  that  this  is  an  appro- 
priate question.  In  the  East  different  kinds  of  fillers  are  used.  In 
Ohio  it  is  customarv  to  use  a  filler  other  than  sand,  while  in  Illinois 
and  Iowa,  sand  is  the  common  one.  Sand  is  the  cheapest,  but  it 
is  not  so  good  as  grout  and  cement,  which  will  cost  about  ten  cents 
per  square  yard.  If  grout  and  cement  filler  were  used  in  this  local- 
ity the  edges  of  the  brick  would  not  chip.  Sand  is  lifted  out  of  the 
joints,  leaving  the  edges  of  the  brick  unprotected. 

Prof.  A.  N.  Talbot  :  The  speaker's  opinion  has  changed  some- 
what  in  the  last  two  or  three  years  and  he  is  growing  more  favor- 
able to  the  advantages  of  cement  filler.  It  does  protect  the  edges 
of  the  brick  and  is  not  lifted  out.  It  also  holds  the  brick  tightly 
together  and  prevents  them  from  rolling.  It  is  common  to  find  that 
the  bricks  are  a  little  bit  loose  and  cement  filler  would  have  an  advan- 
lage,  especially  on  a  steep  grade  and  where  traffic  is  heavy.  In  Indi- 
ana cities  and  in  one  city  in  Illinois  cement  filler  has  been  used  and 
it  is  reported  that  it  adds  several  years  to  the  life  of  the  pavement. 

An  ordinary  mixture  of  Portland  cement  is  as  valuable  as  any 
patent  filler. 

Mr.  H.  G.  Paddock:  In  Moline  and  Rock  Island  there  are 
steep  grades  over  which  there  is  a  great  deal  of  traffic.  Sand  filler 
is  used  almost  exclusively.  There  has  been  no  trouble  from  brick 
rolling,  unless  it  occurred  before  they  were  compacted.  Cement  filler 
has  been  used  in  the  gutters  to  prevent  washing. 

Engineers  should  be  careful  in  the  use  of  patent  fillers;  they 
should  not  recommend  them  until  they  are  sure  that  they  are  worth 
the  extra  cost. 
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Mr.  H.  E.  Beasley  :  The  matter  of  lifting  the  filler  out  of  the 
joints  has  been  referred  to.  If  a  suction  sweeper  is  used  this  will 
surely  occur  when  the  filler  is  not  firm.  There  is  no  doubt  that  if  the 
chipping  of  the  brick  can  be  prevented,  the  life  of  the  pavement  may 
be  doubled.  In  Minneapolis  a  cement  grout  has  been  used  and  is 
giving  satisfaction.  The  cost  is  nominal  and  if  five  or  six  years 
are  added  to  the  life  of  the  pavement  there  is  a  great  advantage. 

Mr.  W.  H.  Tarrant:  Great  injury  often  results  to  brick  in 
the  process  of  manufacture.  They  are  pressed  to  make  them  smooth ; 
the  bond  is  destroyed  by  this,  not  enough  pressure  being  used  to 
form  a  new  bond.  If  only  standard  brick  were  used  there  would 
not  be  so  much  chipping;  however,  this  can,  to  a  great  extent,  be 
prevented  by  a  gjout  filler. 
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REPORT  OF  COMMITTEE  ON  ROADS  AND  PAVEMENTS. 


To  the  Members  of  the  Illinois  Society  of  Engineers  and  Surveyors : 

Gentlemen  :  Your  Committee  on  Roads  and  Pavements  beg 
leave  to  make  the  following  report : 

In  the  past  year  but  few  counties  in  the  state  have  constructed 
permanent  hard  roads.  In  McLean  County  the  largest  amount  of 
permanent  roads  was  constructed.  In  a  few  of  our  cities  macada- 
mized roads  have  been  built.  Throughout  the  state  meetings  have 
been  held  to  discuss  the  road  question.  In  all  the  meetings  there 
was  a  lack  of  knowledge  of  the  means  and  methods  of  securing  per- 
manent roads.  The  method  of  assessing  the  expense  of  building 
permanent  roads  is  a  problem  which  is  discussed  quite  freely.  Some 
advocate  the  county  paying  for  the  improvement,  others  the  state, 
and  some  the  property  along  the  line  of  the  proposed  improvement. 
There  is  at  present  an  effort  being  made  by  the  hard  road  advocates 
to  have  the  legislature,  at  the  present  session,  appropriate  a  certain 
sum  for  the  permanent  improvement  of  the  public  roads. 

The  most  serious  problem  which  confronts  the  hard  road  advo- 
cates is  the  obtaining  of  material  to  construct  them.  In  the  central 
and  western  parts  of  the  state  no  material  is  available.  In  case  the 
material  can  be  found  the  transportation  charges  are  so  exhorbitant 
that  it  is  impossible  to  use  it. 

In  each  township  of  the  state  the  Highway  Commissioners  levy 
on. an  average  sixty  cents  per  year  per  One  Hundred  Dollars  assessed 
valuation.  Half  of  this  sum  is  expended  on  permanent  bridges,  the 
balance  is  practically  wasted  by  the  method  of  allowing  the  prop- 
erty owners  to  work  out  a  portion  of  their  tax.  The  road  and  bridge 
tax  should  be  expended  judiciously  in  such  improvements  as  steel 
bridges  and  thoroughly  draining  the  roads,  and  thus  prepare  the 
roads  for  permanent  improvements. 
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In  the  past  year  brick  pavements  have,  to  a  large  extent,  been 
constructed  in  the  larger  cities.  In  this  state  there  are  a  large  num- 
ber of  small  cities  which  have  no  pavements  and  have  never  realized 
the  value  of  a  first  class  pavement.  One  of  the  conditions  which 
makes  it  more  difficult  for  the  smaller  cities  to  pave,  is  the  amend- 
ment to  the  Board  of  Local  Improvement  act,  which  was  passed  in 
1899.  This  puts  a  restriction  on  cities  of  less  than  ten  thousand 
inhabitants  by  the  clause,  "no  ordinance  for  making  any  improve- 
ment shall  be  adopted  unless  a  majority  of  the  resident  property 
owners  affected  by  such  improvement  shall  petition  for  the  same." 
It  is  difficult  to  secure  the  frontage  on  a  street  in  many  cases,  with- 
out counting  the  names  to  see  if  the  majority  of  the  property  owners 
have  signed  the  petition.  This  clause  in  the  law  practically  blocks 
all  public  improvements  in  drainage  or  sewer  districts. 

The  restriction  in  the  recent  law  should  be  repealed  by  an 

emergency  clause  at  the  present  session  of  the  legislature  and  give 

the  cities  of  less  than  ten  thousand  inhabitants  the  same  privileges 

as  the  larger  cities. 

W.  H.  Tarrant,  Chairman. 


.DISCUSSION. 

Mr.  J.  H.  BuRNHAM :  The  law  allows  a  levy  of  50  cents  per 
hundred  dollars  assessed  valuation.  Some  townships  make  this  levy 
in  cash,  others  in  labor ;  it  ranges  from  60  to  80  cents.  A  division  is 
sometimes  made,  20  to  40  cents  being  payable  in  labor  and  15  to  40. 
cents  in  cash. 

The  author  infers  from  the  statement  of  the  committee  that 
but  few  counties  have  constructed  hard  roads,  that  they  refer  to 
work  done  under  the  hard  road  law.  That  is  true  yet  many  counties 
— Kankakee,  Grundy,  Kane,  and  Lake,  for  example — have  built  a 
number  of  miles  out  of  the  regular  road  tax. 
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REPORT    OF    THE    COMMITTEE    ON    PAVING    BRICK 

TESTS   AND    SPECIFICATIONS. 


To  the  Members  of  the  Illinois  Society  of  Engineers  and  Surveyors: 

Gentlemen  :  At  the  Moline  meeting  of  the  Society,  the  Com- 
mittee on  Paving  Brick  Tests  and  Specifications  was  instructed  to 
find  whether  the  Office  of  Public  Road  Inquiries  of  the  United 
States  Department  of  Agriculture  would  undertake  an  investiga- 
tion of  methods  of  testing  paving  brick.  In  answer  to  the  inquiry, 
the  Director  replied  that  it  would  be  impossible  at  this  time  to  test 
materials  for  city  streets.  Materials  for  the  construction  of  country 
roads  will  be  tested.  It  seems  impracticable  to  secure  an  investiga- 
tion of  tests  of  materials  for  city  streets  in  this  way. 

For  some  years  the  Committee  on  Paving  Brick  Tests  and 
Specifications  has  been  working  to  secure  the  general  adoption  of 
some  method  of  testing  paving  brick  which  would  be  fair,  discrimi- 
nating, and  easily  made  uniform  in  different  parts  of  the  country. 
It  has  favored  some  form  of  shot  test  as  being  the  best  available 
method,  and  has  strenuously  objected  to  the  method  adopted  by  the 
National  Brick  Manufacturers'  Association  in  1897  wherein  brick 
themselves  formed  the  only  tumbling  or  abrasive  material  in  the  rat- 
ler;  on  the  ground  that  this  method  was  not  certain  to  distinguish 
soft  and  brittle  brick.  Various  experimenters  criticised  the  N.  B. 
M.  A.  method,  and  ccmsiderable  dissatisfaction  arose  in  several  of 
the  cities  where  this  method  had  been  adopted.  These  criticisms 
finally  resulted  in  a  further  investigation  of  the  question  by  the  Com- 
mittee on  Technical  Investigation  of  the  National  Brick  Manufac- 
turers' Association,  which  also  included  tests  of  the  Jones  rattler  in 
which  brick  are  clamped  in  pockets  around  the  periphery  of  the  rattler 
and  cast  iron  cubes  are  used  as  the  abrasive  agent.    This  invcstiga- 
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tion  was  made  by  Prof.  Edward  Orton,  Jr.,  of  Ohio  State  University, 
who  had  been  in  charge  of  the  experimental  work  in  1895-7.  The 
tests  were  made  upon  seven  makes  of  brick  of  three  grades  each, 
hard,  medium  and  soft.  Between  4000  and  5000  bricks  were  used 
in  the  investigation  which  was  completed  in  January  1900. 

Upon  the  completion  of  this  work,  the  president  of  the  NationaJ 
Brick  Manufacturers'  Association  appointed  a  committee  of  seven 
to  receive  and  consider  Professor  Orton 's  report  and  to  make  recom- 
mendations to  the  Association.  Manufacturers,  engineers,  and 
investigators  were  represented  on  this  committee.  Its  personnel  was 
as  follows: 

Prof.  J.  B.  Johnson,  Dean  of  College  of  Engineering  of  the 
University  of  Wisconsin,  chairman ;  Prof.  A.  N.  Talbot,  of  Univers- 
ity of  Illinois,  secretary;  Mr.  H.  A.  Wheeler,  St.  Louis,  Mo. ;  Mr. 
Gomer  Jones,  Geneva,  N.  Y. ;  Mr.  D.  V.  Puring^on,  Chicago,  111. ; 
Mr.  J.  H.  Higley,  Canton,  O. ;  Prof.  Edward  Orton,  Jr.,  Colum- 
bus, O. 

This  committee  met  in  Chicago  Jan.  27,  1900,  and  reviewed  the 
large  amount  of  data  submitted  by  Prof.  Orton  and  by  other  mem- 
bers of  the  committee.  They  decided  to  recommend  that  the  stand- 
ard rattler  method  of  testing  paving  brick,  adopted  by  the  Associa- 
tion, be  amended  by  striking  out  the  provision  requiring  the  use  of 
brick  alone  in  the  rattler.  A  substitution  was  recommended  of  a 
charge  of  300  lbs.  of  standard  shot,  one  fourth  of  which  to  be  of 
73^ -lb.  size  and  three  fourths  of  i-lb.  size  (roughly)  with  twelve 
paving  bricks  or  nine  paving  blocks.  They  further  reconvnended 
that  the  brick  should  be  thoroughly  dried  before  rattling,  and  that 
further  investigation  of  rattlers  of  the  Jones  type  be  made. 

The  Detroit  convention  of  the  National  Brick  Manufacturers' 
Association  adopted  the  report  of  the  committee  and  thus  abandoned 
the  method  criticised  by  this  Society  and  accepted  the  general 
method  here  proposed. 

An  outline  of  some  of  the  results  brought  out  in  this  investiga- 
tion may  be  of  interest. 
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same  conditions  as  could  be  obtained.  These  defects,  as  well  as 
defects  in  the  machine,  caused  it  to  be  rejected  in  the  present  form. 
The  investigation  also  showed  that  the  shot  test  brings  out  struc- 
tural defects  of  the  brick  and  that  the  range  of  results  are  fairly  close 
to  its  averages. 

The  Illinois  Society,  of  Engineers  and  Surveyors  has  favored 
the  adoption  of  a  standard  form  of  rattler  test,  and  the  time  now 
seems  opportune  for  such  action.  It  is  appreciated  that  the  rattler 
method  is  not  perfect,  and  that  a  much  better  machine  may  yet  be 
devised.  The  adoption  of  a  standard  method  need  not  bar  amend- 
ment when  it  is  shown  that  a  new  process  is  superior  to  the  present 
form.  The  action  of  the  National  Brick  Manufacturers'  Associa- 
tion, in  revising  the  objectionable  features  of  their  method,  has 
removed  the  greatest  obstacle  in  the  way  of  the  general  adoption  of 
a  standard  method.  In  view  of  the  desirability  of  uniformity  and 
recognizing  that  any  such  standard  method  may  require  revision  in 
the  future,  the  following  regulations  for  a  standard  method  of  con- 
ducting the  rattler  test  for  paving  brick  are  presented,  and  the  com- 
mittee recommends  that  the  Society  accept  them  as  a  standard 
method  and  recommend  their  adoption  by  engineers. 

standard  method  of  conducting  the  rattler  test  for 

paving  bricks. 

1.  Standard  Rattler.  The  standard  rattler  shall  be  polygonal 
in  cross  section,  with  14  plane  staves  spaced  one-fourth  inch  apart 
at  their  edges,  and  the  interior  shall  be  free  from  projections,  offsets, 
roughnesses,  or  obstructions.  Rattlers  having  two  staves  more  or 
less  than  the  standard  number  may  be  used.  The  internal  dimen- 
sions shall  be  28  inches  in  diameter  and  20  inches  in  length. 

2.  Standard  Shot.  A  mixture  of  two  sizes  of  shot  will  be 
used.  The  larger  size  will  be  about  2^  inches  square  and  4j4  long 
and  will  weigh  about  7^  pounds.  The  smaller  size  will  be  Ij4 
inches  in  each  direction  and  will  weigh  about  %  lb.  The  shot  shall 
be  made  of  ordinary  machinery  cast  iron,  and  all  edges  shall  be  made 
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rounded  to  a  radius  of  about  %  inch.  The  individual  shot  shall  be 
replaced  by  new  pieces  whenever  they  shall  have  lost  one-tenth  of 
their  original  weight.  For  the  standard  size  of  rattler  the  standard 
charge  of  shot  shall  consist  of  75  lbs.  of  large  shot  and  225  lbs.  of 
small  shot. 

3.  Number  and  Condition  of  Brick,  For  the  standard  size  of 
rattler,  twelve  paving  bricks  or  nine  paving  blocks  will  constitute 
the  number  to  be  used  in  a  single  test,  but  two  more  or  less  than  this 
number  may  be  used.  The  bricks  shall  be  thoroughly  dried  before 
testing. 

4.  The  Test.  The  rattler  shall  be  rotated  at  a  rate  of  not  less 
than  28  nor  more  than  30  revolutions  per  minute,  and  1800  revolu- 
tions shall  constitute  the  standard  test.  The  speed  requirement  is 
important. 

5.  The  Results.  The  loss  shall  be  calculated  in  percentages 
of  the  original  weight  of  the  dry  brick  composing  the  charge.  In 
weighing  the  rattler  brick,  any  piece  weighing  less  than  one-half 
pound  shall  be  rejected. 

6.  Variations  in  Sise  of  Rattler.  Rattlers  28  inches  in  diam- 
eter and  of  a  length  greater  than  20  inches  may  be  used,  in  which 
case  the  charge  of  shot  and  the  number  of  brick  shall  be  increased 
proportionally  to  the  increase  of  length.  Rattlers  of  smaller  diam- 
eter will  give  losses  which  are  snialler  and  which  can  not  accu- 
rately be  compared  with  those  obtained  with  the  28-in.  diameter. 
However,  if  24-in.  or  26-in.  rattlers  are  used,  it  is  recommended  that 
the  charge  of  cast  iron  shot  be  equal  in  volume  to  10%  of  the  volume 
of  the  rattler,  which  is  about  i  lb.  of  shot  to  each  40  cu.  in.  of  rattler 
volume.  For  a  24-in.  machine,  the  charge  sh6uld  he  composed  of 
half  large  size  and  half  small  size  of  shot,  and  for  the  26-in.  machine 
one-third  large  gize  and  two-thirds  small  size. 

In  explai\ation  of  the  details  specified,  it  may  be  said  that  the 
28-in.  rattler  seems  to  be  the  one  in  most  common  use,  and  that  many 
have  been  put  in  city  laboratories  by  reason  of  the  adoption  of  this 
size  by  the  National  Brick  Manufacturers'  Association.     This  size 
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is  well  adapted  to  the  purpose,  though  perhaps  not  more  so  than  the 
24-in.  size.  20-in.  of  len^h  will  give  space  for  a  sufficient  number 
of  bricks  for  one  test  and  is  not  short  enough  to  endanger  the  bind- 
ing of  bricks  at  the  end.  The  shape  of  shot  given  is  the  same  as 
that  adopted  by  the  N.  B.  M.  A.,  the  exact  dimensions  being  some- 
what accidental.  The  ])roportion  of  the  mixture  is  such  as  to  give 
the  same  character  to  the  test  as  is  given  by  the  half-and-half  mix- 
ture with  the  24-in.  rattler.  The  necessity  for  having  the  bricks 
free  from  moisture  was  shown  in  the  last  report  of  this  committee 
and  the  statements  there  made  have  been  corroborated  by  others. 
1800  revolutions  will  wear  the  brick  deep  enough  to  bring  out  defects 
which  may  exist  below  the  surface.  It  is  probable  that  1500  revolu- 
tions would  generally  have  been  sufficient,  but  1800  ought  surely  to 
give  a  rigorous  test.  As  the  rate  of  rotation  has  some  eflfect  on  the 
abrasion,  the  carrying  out  of  a  particular  speed  is  important.  Dupli- 
cate tes^s  are  not  among  the  requirements,  for  it  is  felt  that  ho^jf.- 
ever  desirable  it  may  occasionally  be  to  have  tests  in  duplicate,  it  -is 
generally  an  unnecessary  and  useless  addition.  While  it  is  quite 
desirable  that  a  standard  size  of  rattler  be  used,  it  must  be  recognized 
that  this  size/mav  not  alwavs  be  available  and  hence  directions  for 
using  other  sizes  may  be. of  service ;  but  it  should  be  understood  that 
the  results, of  tests  with  smaller  rattlers  will  not  conform  to  those 
of  the  standard  diameter  and  hence  a  different  maximum  loss  must 
be  specified. 

It  should  be  recognized  that  the  purpose  of  the  rattler  test  is  to 

determine  when  brick  fall  below  grade  or  fail  to  fill  requirements 

whicJi  brick  of  known  excellence  meet,  and  such  a  test  should  give 

tangible,  definite,  aftid  reliable  evidence  of  this.     It  is  belie'/ed  that 
* 

the  method  above  outlined  meets  these  requirements  fairly  well. 
However,  we  must  acknowledge  the  limitations  0/  such  a  test  and 
not  deduce  conclusions  which  imply  a  high  degree  of  refinement. 
For  example,  the  rattler  test  should  not  be  expected  to  determine  the 
^xact  rank  of  high  grade  paving  brick  of  various  makes,  and  grad- 
ing these  on  the  basis  of  results  of  rattler  tests  would  be  futile. 
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The  difficulty  of  specifying  a  limit,  where  a  variety  of  bricks  are  to 
compete,  is  apparent.  And  yet  it  is  admitted  by  all  that  for  a  par- 
ticular make  of  brick  the  absorption  test  is  indicative  of  the  quality 
and  the  uniformity  of  any  particular  lot  of  the  brick,  and  uniformity 
is  one  of  the  most  important  properties  for  a  durable  pavement.  To 
try  to  meet  the  difficulties  and  yet  secure  the  advantages  of  the 
absorption  test  the  following  method  is  suggested  for  your  criticism : 

"At  the  time  of  submitting  bids,  the  bidder  shall  furnish  25 
bricks  of  the  make  specified  in  his  bid,  on  which  a  rattler  test  and  an 
absorption  test  shall  be  made.  A  requirement  of  the  bricks  fur- 
nished for  the  pavement  will  be  that  their  absorption  tests  shall  fall 
within  the  following  limits :  When  the  result  of  the  absorption  test 
of  the  sample  bricks  is  below  2%,  the  limits  shall  be  ^%  less  and 
1%  more  than  the  sample;  when  between  2%  and  5%,  the  limits 
shall  be  1%  less  and  1J4%  more  than  the  sample." 

The  bidder  and  the  manufacturer  will  know  whether  they  can 
furnish  such  material  and  their  samples  will  be  selected  as  average 
brick  rather  than  as  perfect  brick,  a  variety  of  makes  will  be  per- 
mitted to  compete,  and  the  allowed  range  in  burning  will  give  a 
product  of  the  desired  uniformity. 

For  the  absorption  test  it  is  recommended  that  broken  or  rattled 
brick  be  used,  and  that  the  pieces  shall  be  thoroughly  dried  before 
the  first  weighing  and  shall  be  immersed  in  water  48  hours  before 
final  weighing. 

It  is  recommended  that  the  cross-breaking  test  be  used  whenever 
the  facilities  will  permit.  The  results  give  further  and  valuable 
information  concerning  the  brick. 

m 

No  specifications  for  the  method  of  selecting  brick  for  the  tests 
are  submitted,  since  it  seems  best  to  settle  only  the  question  of  the 
method  of  test  at  this  time,  but  it  is  felt  that  a  statement  ought  at 
some  time  to  be  formulated  regarding  the  method  of  selection  and  the 
number  of  tests  to  be  made.  Nor  has  it  seemed  best  to  present  at  this 
time  further  specifications  for  the  brick  themselves. 
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It  is  hoped  that  the  matter  herein  presented  will  prove  of  value 
to  the  members,  and  it  is  believed  that  action  taken  by  the  Society  in 
regard  to  a  standard  method  of  conducting  the  rattler  test  will 
greatly  aid  in  securing  uniformity  of  testing  and  in  obtaining  serv- 
iceable paving  material. 

A.  N.  Talbot^ 

Chairman. 

DISCUSSION. 

Mr.  D.  W.  Mead  :  A  number  of  years  ago,  when  brick  paving 
was  a  new  thing,  the  speaker  was  representing  .a  construction  com- 
pany was  called  upon  to  construct  about  75,000  square  yards  of 
pavement.  The  upper  limit  for  the  absorption  of  the  brick  was 
specified  at  ij^  per  cent.  Now  there  are  not  enough  brick  manu- 
factured in  the  United  States  in  two  years,  even  under  present  con- 
ditions, for  that  pavement  which  .would  be  within  that 'limit.  Yet 
the  pavement  was  constructed.  The  speaker  remembers  taking  the 
matter  up  with  the  Engineer  and  telling  him  that  if  it  was  his  inten- 
tion to  enforce  the  specificaton,  it  would  be  impossible  to  construct  the 
pavement.  The  Engineer  stated  that  all  he  wanted  was  the  best 
brick  possible  and  with  that  understanding  the  specification  was  left 
as  it  was  and  the  contract  signed. 

It  is  very  important  for  the  Engineer  to  bear  in  mind  in  writing 
specifications,  that  he  must  specify  something  that  can  actually  be 
done.  There  are  frequently  specifications  written  which  can  not  be 
complied  with,  and  if  the  work  is  carried  out,  they  must  be  broken, 
and  consequently  lose  their  force.  Specifications  should  state  exactly 
what  the  Engineer  means,  and  the  construction  should  be  made  just 
as  required.  When  engineers  get  into  the  habit  of  writing  specifica- 
tions which  mean  exactly  what  they  and  the  contractors  under- 
stand this,  we  will  get  a  great  deal  more  uniformity  and  a  better 
class  of  work. 

The  idea  of  putting  a  lower  limit  to  the  amount  of  absorption  is 
somewhat  of  a  new  thought  to   the   speaker.     He   is   favorably 
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impressed  with  it,  especially  for  the  class  of  brick  in  which  the 
absorption  is  comparatively  small.  However,  there  may  be  objec- 
tions to  the  limits  stated;  for  example,  the  author  would  make  a 
lower  limit  of  ^  per  cent,  and  an  upper  limit  of  1^  per  cent,  for 
brick  which  would  average  ij4  per  cent.  In  this  class  we  often  find 
that  the  best  brick  would  run  lower  than  ^  per  cent.  The  speaker 
believes  that  it  would  be  almost  impossible  to  purchase  brick  if  it 
were  known  that  such  a  requirement  was  to  be  rigidly  enforced. 
Therefore  the  speaker  would  hesitate  to  recommend  the  lower  limit 
stated.  It  might  be  well  to  change  it  in  such  a  way  as  to  g^ve  greater 
range. 

For  some  years  the  speaker  was  opposed  to  the  adoption  of  a 
standard  method  for  testing,  but  with  the  exception  stated,  be  is 
now  in  favor  of  adopting  this  report.  He  believes  that  the  time  has 
come  when  a  definite  stand  can  be  taken. .  We  now  have  a  definite 
basis,  and  specifications  can  be  adopted  to  the  method  of  testing. 

Mr.  Gross  :  The  Department  of  Agriculture  is  now  prepared 
to  make  any  test  of  material  used  on  public  highways,  and  it  will  be 
done  without  cost.  They  will  be  tested  and  returned.  Tests  will- be 
made  for  municipalities  if  the  time  is  available. 

The  recommendations  of  the  Committee  regarding  the  rattler 
and  cross-breaking  tests  were  adopted  by  the  Society.  The  matter  of 
the  absorption  test  was  referred  back  to  the  Committee. 
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PROPOSED  STREET  RAILWAY  SUBWAY  SYSTEM  FOR 

CHICAGO. 


By  W.  H.  Rosencrans. 


That  the  City  of  Chicago  is  in  great  need  of  the  adoption  of  some 
radical  measures  for  the  relief  of  the  present  congested  condition  of 
all  kinds  of  traffic  in  the  down  town  district  no  thoughtful  student  of 
the  City's  needs  can  doubt  for  a  moment. 

The  Elevated  Railroads  with  their  downtown  loop  were  sup- 
posed to  relieve  this  district  in  a  measure,  but  while  they  do  an 
enormous  business  the  surface  lines  seem  to  be  fully  as  busy  as 
before  the  Elevated  loop  went  into  operation. 

The  most  practical  solution  and  the  one  which  will  unquestion- 
ably furnish  the  most  lasting  benefits  is  a  system  of  subways 
equipped  electrically,  making  it  possible  to  eliminate  all  surface  lines 
north  of  Twelfth  Street  and  east  of  the  River.  The  streets  may  then 
be  paved  with  asphalt,  the  sidewalks  widened,  and  electric  wires, 
gas  and  water  mains,  and  sewers  may  be  placed  in  this  subway, 
when  the  necessity  arrives  to  rebuild  them. 

In  the  construction  of  a  subway  the  many  difficulties  to  be  met 
and  overcome  have  been  studied,  and  a  deep  level  subzvay  seems  to 
be  by  far  the  most  practical.  All  the  work  of  construction  may  be 
done  by  modern  methods  of  tunneling,  and  the  only  openings  to  the 
surface  of  the  streets  will  be  at  shafts,  tunnel  ends,  and  the  larger 
station  locations.  By  this  method  the  business  within  the  district 
traversed  by  the  subway  system,  which  is  probably  greater  than  any 
other  like  territory  in  any  other  city  in  this  country,  need  not  be 
seriously  interfered  with.    Unlike  Boston  or  New  York  City,  this 
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subway  is  a  system  of  tunnels  instead  of  a  single  line  on  one  or  two 
streets. 

By  the  deep  level  tunnel  method  of  construction,  the  present 
systems  of  sewers,  gas  mains,  water  mains,  and  electric  wires  need 
be  but  little  interfered  with  until  the  completion  of  the  subway  in 
which  provision  will  be  made  for  taking  care  of  all  these  mains  and 
wires.  The  tunnel  method  does  not  necessitate  the  stopping  of  work 
during  stormy  weather ;  and,  if  for  any  cause  the  work  is  supeneded 
on  any  line  it  does  not  block  business  in  the  whole  district  adjacent. 
The  transportation  to  the  wharves  and  railroads  of  the  material 
excavated  can  be  done  in  the  completed  tunnel  without  interfering 
with  the  surface  traffic  in  the  least.  Considering  all  these  points,  it 
would  seem  that,  as  a  matter  of  utility  and  also  from  an  economic 
standpoint,  the  deep  level  subway  as  compared  with  the  surface  cut 
should  certainly  have  the  preference. 

The  minimum  depth  of  the  upper,  arch  of  the  tunnel  below  the 
street  surface  would  be  about  16  feet.  The  average  depth  of  sewers 
in  the  business  district  is  about  12  feet.  All  other  pipes  and  wires 
are,  of  course,  nearer  the  surface. 

The  depth  of  the  invert  of  the  tunnel  using  a  28  feet  bore,  would 
be  44  feet.  The  substratum  in  the  limits  of  these  depths  in  the  dis- 
trict under  consideration  is  admirably  suited  for  the  tunnel  method 
of  excavation. 

The  material  is  clay  which,  while  it  stands  in  a  firm  bank,  yields 
readily  to  the  pick  and  shovel. 

The  Hastings  tunnelling  shield  which  was  used  in  the  25  ft. 
tunnel  in  Chicago  on  39th  Street,  would  work  even  better  here ;  for, 
while  the  sandy  nature  of  the  upper  strata  and  the  shallowness  of  the 
cut  to  the  top  of  the  tunnel  allowed  the  compressed  air  to  escape  and 
seriously  impede  progress  at  times,  the  nature  of  the  material  in 
this  instance  would  eliminate  that  difficulty  entirely. 

The  accompanying  plat  shows  a  proposed  route  which  would 
afford  ample  facilities  for  accommodating  the  surface  street-car 
lines  which  converge  from  the  North,  the  West,  and  the  South. 
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Double  tracks  should  be  laid  on  each  line  and  the  necessary  switches, 
crossovers,  etc.,  placed  as  required  to  accommodate  the  different 
interests.  The  scheme  contemplates  an  outer  loop  traversing  State 
Street,  Randolph  Street,  Franklin  Street,  and  Jackson  Boulevard. 
Two  arteries  enter  from  the  West  on  Washington  Street  and  Van 
Buren  Street,  two  on  the  North  by  La  Salle  and  the  Park  subway, 
and  two  on  the  South  by  State  Street  and  Clark  Mreet.  Cross  inter- 
secting lines  within  the  outer  loop  should  be  built  on  Washington 
Street,  Madison  Street,  Monroe  Street,  and  Adams  Street.  This 
would  complete  the  system  and  provide  ample  room  and  facilities  for 
handling  the  heaviest  traffic  in  the  most  expeditious  way  possible. 
This  plan  of  location,  while  it  provides  extraordinary  facilities,  is 
nearly  4000  feet  shorter  than  other  plans  suggested  which  are 
equally  comprehensive. 

The  construction  of  this  proposed  subway  system  should  be 
commenced  at  three  different  points ;  1,  at  12th  St.,  disposing  of  the 
dirt  by  way  of  the  railroad;  2,  on  Washington  St.  on  the  West, 
disposing  of  the  dirt  by  way  of  the  river ;  3,  and  also  commencing  the 
North  Tunnel  on  La  Salle  Street,  dumping  the  dirt  into  scows. 
Under  favorable  conditions,  each  terminal  line  could  be  dug  at  the 
rate  of  one  foot  an  hour  or  24  feet  in  a  day  working  three  shifts  of  8 
hours  each.  The  tunnel  walls  would  be  built  on  an  improved  sys- 
tem of  concrete  construction.  The  construction  of  walls  and  com- 
pletion of  the  lining  of  the  tunnel  must  keep  pace  with  the  digg^g. 
At  this  rate,  72  feet  of  completed  main  line  of  tunnel  would  be  made 
each  day.  Stations  should  be  located  within  buildings  adjacent  to 
the  line  where  possible,  and  at  points  where  this  is  impossible  the 
openings  should  be  on  the  sidewalk.  The  total  climb  from  the  floor 
of  the  car  to  the  surface  of  the  street  would  be  about  32  feet,  or  not 
more  than  most  of  the  elevated  stations  require. 

In  this  paper  the  author  has  attempted  to  present  a  few  of  the 
reasons  for  a  Street  railway  subway  in  the  City  of  Chicago,  together 
with  suggestions  on  location  and  construction.  It  would  be  impos- 
sible to  deal  with  so  important  and  complicated  a  subject  "and  do  it 
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justice  in  a  single  paper.  It  would  require  a  volume.  A  few  years 
ago  the  mere  mention  of  the  subject  in  Chicago  would  have  been 
considered  a  pleasantry.  But  with  the  completion  of  tne  Boston 
subway  and  the  commencement  of  the  New  York  subway,  Chicago 
has  awakened  to  her  own  needs.  Mayor  Harrison  has  recom- 
mended it  in  his  annual  report  of  1900,  and  much  discussion  of  the 
subject  has  been  indulged  in. 

It  is  with  a  feeling  amounting  to  conviction  that  the  author  pre- 
dicts that  that  spirit  which  made  it  possible  for  Chicago  to  have  a 
World's  Fair  unexcelled  in  History,  will  assert  itself  again,  and  that 
Chicago  will  have  in  the  near  future  a  Subway  System  which  will  be 
the  marvel  and  the  admiration  of  the  cities  of  the  civilized  world. 


DISCUSSION. 

Mr.  E.  E.  R.  Tratman  :  The  speaker  believes  that  the  rate  of 
progress  in  the  tunnel  work  stated  by  the  author,  72  feet  per  day,  is 
very  much  exaggerated. 
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STAKING  OUT  AND  COMPUTATION  OF  EARTHWORK, 


By  a.  L.  Kuehn. 


I.  staking  out. 

The  most  common  case  of  earth  construction  and  that  in  which 
any  difficulty  in  staking  out  is  experienced,  is  that  of  an  embankment 
or  excavation  having  a  given  top  or  bottom  width  and  fixed  side 
slopes,  as  a  railway  beink  or  cut.  The  staking  out  consists  in  marking 
points  on  the  lines  of  intersection  of  the  slope  planes  and  the  ground 
surface.  The  lines  of  intersection  will  be  irregular,  depending  on 
the  nature  of  the  ground ;  they  should  be  well  defind  by  the  "slope 
stakes"  which  serve  as  guides  in  breaking  ground  and  give  limits  of 
dump.  The  stakes  are  usually  set  lOO  feet  apart,  opposite  the  regu- 
lar station  stakes,  and  this  defines  the  lines  well  enough. 

The  process  of  placing  the  slope  stakes  is  one  of  estimation  and 
trial,  and  the  speed  attained  depends  almost  entirely  on  the  accuracy 
with  which  the  rise  and  fall  of  the  natural  surface  is  estimated.  The 
position  of  a  stake  is  first  determined  as  closely  as  possible  by  eye, 
then  the  distance  out  and  elevation  of  the  point  is  measured  and  if  it 
is  found  not  to  be  on  the  slope  line  another  point  is  taken  and  so  on 
until  the  intersection  point  is  found. 


Fig.  I. 
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the  difference  in  cut  or  fill  at  the  center  and  the  side  point ;  adding 
this  difference  to  or  subtracting  it  from  the  center  cut  or  fill,  as  the 
case  may  be,  gives  the  side  cut  or  fill.  3. — ^We  know  the  height  of 
instnmient  and  the  elevation  of  gfrade;  the  difference  between  the 
two  gives  the  grade  rod  and  the  difference  between  this  grade  rod 
and  any  ground  rod  is  the  cut  or  fill  at  that  point.  Stated  in  a  few 
words  the  method  is  this : — Grade  rod  minus  ground  rod  gives  cut 
or  fill.  It  is  to  be  noted  that  if  fills  are  called  minus  and  cuts  plus, 
the  sign  of  the  difference  will  always  determine  whether  there  is  a 
cut  or  a  fill  at  the  point. 

The  last  two  methods  are  the  shortest  and  are  used  generally. 

The  additions  and  subtractions  indicated  in  the  above  three 
methods  may  be  done  mechanically  by  what  is  known  as  a  tape  rod. 
This  consists  of  a  rod  12  or  14  ft.  long,  around  which  is  slipped  an 
endless  tape.  The  zero  of  the  tape  is  at  any  convenient  point  and 
the  graduation  runs  both  ways  from  the  zero,  upward  the  foot  maiics 
are  lettered  i,  2,  3,  etc.,  and  downward  9,  8,  7,  etc.,  each  graduation 
running  half  way  around. 

Consider  this  rod  to  be  set  on  a  bench  mark  and  the  tape  be 
moved  so  that  it  reads  the  difference  in  elevation  between  the  B.  M. 
and  the  grade  at  a  given  station  (only  the  units  and  tenths  will  be 
set)  at  which  there  is  a  fill.  If  the  rod  is  raised  or  lowered  the 
reading  will  always  give  the  distance  of  the  bottum  of  the  rod  below 
grade  at  the  station  selected  and  this  reading  therefore  gives  fill,  the 
addition  and  subtraction  is  done  mechanically.  If  we  have  a  cross 
section  of  cut  we  note  that  any  rise  in  the  ground  means  more  cut 
but  the  rod  subtracts  if  we  raise  it.  Now,  if  we  invert  the  rod,  rais- 
ing it  will  add  and  lowering  it  will  subtract,  so  that  we  must  us^  the 
inverted  rod  in  case  of  cuts. 

This  device  saves  mental  labor  and  a  gain  is  made  in  speed.  The 
objections  to  it  are  that  the  rod  must  be  reset  for  every  station  at 
which  there  is  a  change  of  grade  elevation  and  that  the  rod  must  be 
inverted  for  use  at  cuts.  The  objection  is  also  made  that  the  tape  is 
not  accurate  enough  for  use  in  checking  bench  marks  and  another 
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This  level  board  is  simply  a  light  pine  board  about  6  or  8  in.  wide 
and  I  in.  thick,  preferably  lo  ft.  long,  provided  with  levels  near  the 
ends.     One  edge  of  the  board  is  graduated  to  tenths. 

To  use  the  level  board  we  must  first  know  the  center  cut  or  fill. 
It  is  held  with  one  end  on  the  ground  on  the  center  stake  (if  the 
ground  is  descending)  and  the  drop  at  the  other  end  is  measured 
with  a  short  rod  and  the  cut  or  fill  determined.  If  the  slope  point 
is  farther  out,  the  point  just  determined  is  taken  as  a  turning  point 
and  the  cut  or  fill  lo  feet  farther  out  ascertained.  As  soon  as  the 
board  is  over  the  slope  point  the  rod  is  held  at  several  places  until 
the  point  is  found. 

The  accuracy  of  this  method  is  not  as  great  as  obtained  by  the 
use  of  the  ordinary  level,  but  the  limit  of  accuracy  (using  a  little 
care)  is  far  within  that  required  of  the  work. 

Setting  Grade  Points,  In  running  from  cut  to  fill,  stakes  should 
be  set  to  define  the  line  of  intersection  of  the  plane  of  the  roadbed 
and  the  ground  surface.  At  least  three  stakes  are  necessary,  one  on 
the  center  line  and  one  at  each  side.  Since  the  roadbed  is  usually 
wider  in  cut  than  in  fill  the  side  stakes  should  be  set  to  mark  the 
widest  base  in  order  to  give  the  limits  of  the  work.  The  finding  of 
a  grade  point  is  a  matter  of  trial  just  as  setting  the  slope  stakes.  If 
the  grade  is  not  level  the  grade  elevation  must  be  figured  for  each 
assumed  point  and  then  the  cut  determined.  The  rod  must  be  moved 
about  until  a  zero  cut  is  found. 

The  condition  which  usually  obtains  is  shown  in  Fig.  2. 


Fig.  2, 


C. 


A,  B,  C,  D,  and  E  are  grade  points,  stakes  being  set  at  A,  B,  and 
Cross  sections  are  usually  taken  at  A,  B,  and  C ;  however,  if  the 
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line  A,  C,  B  is  not  much  inclined  it  is  well  to  take  only  the  plus  of  C 
and  assume  that  the  line  A,  C,  B  is  perpendicular  to  the  center  line. 
The  error  caused  in  the  volume  is  insignificant  and  the  time  in  tak- 
ing the  two  extra  sections  is  practically  wasted ;  the  stakes  A  and  B 
should  however  be  set  in  their  true  position  to  serve  as  guides  for 
the  work. 


Fig.  3. 


In  Fig  3  is  shown  a  case  where  the  cross  section  is  part  cut  and 
part  fill  for  a  short  distance.  Stakes  should  be  set  and  cross  sections 
taken  at  A,  B,  and  C. 


Fig.  4. 

Staking  Out  End  of  Bank,  In  Fig.  4  is  shown  the  condition 
found  at  the  end  of  an  embankment.  All  slopes  are  the  same  as  the 
side  slopes  and  we  have,  therefore,  a  wedge  A,  B,  C,  D,  and  two  cones 
FAC  and  EBD.     Stakes  should  be  set  at  F,  C,  D,  and  E,  and  if  the 
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bank  is  more  than  lo  feet  high  stakes  should  be  set  at  G  and  H, 
to  aid  in  construction. 

Cross  Sections  on  Curves,  The  super-elevation  for  the  outer 
rail  on  curves  should  be  allowed  for  in  finishing  off  sub-grade.  This 
somewhat  affects  the  position  of  the  slope  stakes. 


Fig.  5.  Fig.  6. 

Consider  the  case  of  a  plane  sub-g^ade  as  shown  in  Figs.  5  and 
-6.  The  base  A'  B'  should  be  of  standard  width.  However  it  simpli- 
fies matters  materially  to  make  it  of  such  width  that  its  projection 
A'  B  will  be  of  standard  width  rather  than  the  inclined  surface. 
A'  B'  will  then  be  at  most  two-tenths  wider  and  it  is  advantageous 
to  have  it  so. 

In  Fig.  5  is  shown  the  case  when  the  center  of  track  is  kept  at 
^ade.  The  slope  stake  on  the  outside  of  the  curve  must  be  set  for 
a  grade  which  is  A' — A  higher  than  the  given  grade  and  the  inner 
5take  must  be  set  for  a  grade  which  is  B — B'  lower. 

In  Fig.  6  is  shown  the  case  when  the  inner  rail  is  kept  at  grade. 

If  center  of  track  is  kept  at  grade 
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B  —  B'=A  —  A'=  4^X  —  =  0.1  x^X^  (very  close.) 
If  the  inner  rail  is  kept  at  g^ade 
A  —  A'  =  (I  i^  +  2 . 5)  -^  =  (A  ^  +  0. 5)  <f  (very  close) 


B  —  B'  =  (1  ^  —  2 . 5)  -^  =  ( A  ^  —  0 . 5)  ^  (very  close) 


In  which  e  is  the  super-elevation  in  feet. 

If  sub-grade  is  crowned  the  inclination  will  affect  the  drainage 
and  it  is  usually  advisable  not  to  crown  on  a  curve,  let  the  drainage 
he  down  one  side. 
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corrections,  and  if  sections  are  taken  so  that  their  center  heights 
do  not  differ  by  more  than  two  or  three  feet,  corrections  may  usually 
be  neglected  altogether. 

Volumes  from  profiles.  For  preliminary  estimates  when  no 
cross-sections  are  taken  the  volumes  are  taken  from  the  profile.  The 
sections  are  considered  level  having  a  center  height  as  shown  on 
the  profile  and  the  volumes  read  off  a  diagram  or  table. 

If  the  ground  slopes  arc  known  the  volume  may  be  more  nearly 
approximated  by  reading  volume  from  a  diagram  which  gives  vol- 
umes for  different  center  heights  and  diffrcnt  ground  slopes. 

This  method  is  fully  in  acordance  with  the  requirements  and 
the  error  is  not  more  than  four  or  five  per  cent,  from  the  final  esti- 
mates if  a  little  care  is  used. 

Correction  for  Curvature.  The  volumes  on  a  curve  are  first 
computed  as  if  the  cross-sections  were  parallel.  Since  this  is  not 
true  a  correction  must  be  applied.  The  true  volume  on  a  curve  is 
that  generated  by  a  mean  section.  It  is  equal  to  the  area  of  this 
mean  section  multiplied  by  the  length  of  the  path  of  its  center  of 
gravity.  The  method  of  calculation  is  somewhat*  unsatisfactory 
because  of  the  difficulty  of  determining  the  mean  section.  If  both 
end  sections  are  symmetrical  with  respect  to  the  center  line  the 
length  of  the  path  of  the  center  of  gravity  is  the  distance  between 
the  sections  along  the  center  line  and  no  correction  is  needed,  how- 
ever, if  there  is  an  excess  of  area  on  one  side  of  the  center  line  it 
must  be  corrected  for.  The  excess  onlv  need  be  considered  for  the 
remainder  will  just  balance  the  other  side.  The  correction  is  found 
by  comparing  the  volume  as  computed  with  the  actual  volume  gen- 
erated bv  the  mean  excess  area.  This  mean  excess  area  is  taken  as 
the  mean  of  the  end  excesses  and  the  error  is  not  material  since  the 
amounts  involved  are  small. 

The  correction  for  a  three  level  section  is : 

.00022  M  (dj  -f  do)  D  cu.  yds. 

M  is  the  mean  excess  area,  d^  and  d,  are  tlie  distances  out  for 
the  mean  section,  and  D  is  the  degree  of  curve.    If  the  excess  is  on 
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THE  INDIANA,  ILLINOIS  &  IOWA  RAILROAD. 


Bv  O.  C.  Whitsell.* 


The  Indiana,  Illinois  &  Iowa  Railroad  runs  from  St.  Joseph, 
Mich.,  to  a  Junction  with  the  Illinois  Valley  &  Northern  R.  R.  (now 
C.  B.  &  Q.  R.  R.)  near  Ladd,  111.  From  I.  V.  &  N.  Junction  to  Ful- 
ton, 111.,  it  runs  over  a  line  leased  from  the  C.  B.  &  Q.  R.  R. 

Leaving  St.  Joseph,  Mich.,  the  line  follows  up  the  left  bank  of 
the  St.  Joseph  River  for  one  and  one  half  miles  skirting  the  bluffs ; 
thence  taking  advantage  of  the  bluffs  and  small  streams  flowing  into 
the  river  the  ascent  is  made,  with  a  grade  of  thirty  (30)  ft.  per  mile, 
into  the  high  ground,  thence  through  a  well  settled  and  highly  pro- 
ductive fanning  and  fruit  raising  country,  the  line  bears  nearly  due 
south  to  the  State  line,  thence  southwesterly  to  South  Bend,  Ind. 

The  country  between  St.  Joseph  and  South  Rend  is  rolling,  but 
the  character  of  the  work  is  not  heavy,  averaging  about  twelve 
thousand  (12,000)  cubic  yards  per  mile,  grades  being  light.  Leav- 
ing South  Bend,  the  line  i)asses  over  a  few  miles  of  almost  level 
marshy  ground,  which  is  the  extreme  head  of  the  Kankakee  River; 
tliQiice  in  a  southwesterly  direction,  and  keeping  a  few  miles  south 
of  the  Kankakee  River,  over  a  slightly  rolling,  agricultural  countrv', 
passes  through  North  Liberty.  Walkerton,  Hamlet  and  Knox  to 
North  Judson.  From  North  Judson  to  Streator  the  line  runs  almost 
due  west,  passing  through  San  Pierre,  Wheatfield,  I)e  Motte.  Shelby, 
Momence,  Kankakee,  Reddick  and  Dwight. 

In  passing  through  Streator  the  line  bears  to  the  northwest, 
having  made  three  miles  of  Northing  when  it  reaches  Kangley. 
From  there  it  runs  due  west  to  near  the  west  line  of  La  Salle 
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Distance  Elevation  above 

Name  of  Station.  between  Stations.         Sea  Level. 

Kankakee 5.6  629.0 

Kankakee  River  Bridge 0.4  626.0 

Carrow 7.6  651.0 

Goodrich 1.8  638.0 

Union  Hill 4.7  620.0 

Clarke  City  Jet 3.6  611. 5 

Reddick 1.9  609.0 

Wilson 2.9  615.0 

Dwight 6.2  634.0 

Sunbury 5.3  665.0 

Adams 2.9  683.0 

Budd 1.9  706.0 

Two  Miles  West  of  Budd 2.0  749-5 

Four  Miles  West  of  Budd 2.0  732-5 

Missal 2.3  670.0 

Streater  Jet 3.8  619.0 

Streater  Depot 1.8  621.0 

Streater o  621.0 

Vermillion  River  Bridge 2.5  617.0 

Vermillion  River  Bed 546.0 

Threeye 2.0  639.0 

Milla 4.8  673.0 

Summit 2.9  724.0 

Illinois  Central  Crossing 1.3  696.5       • 

lx)stant o.i  694.5 

Priscilla 3.9  655.0 

County  Line  3rd  P.  M 1.3  664.0 

McXabb 35  678.5 

Summit 3-3  7380 

Granville 2.7  674.0 

Moronts 41  5250 

Illinois  River  Bridge 2.5  466.0 

9 
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miles  west  of  Streator  there  was  moderately  light  work,  averaging 
about  11,000  cubic  yards  per  mile.  This  was  all  constructed  with 
wheel  and  slip  scrapers.  The  next  12  miles  averaged  almost  64,000 
cubic  yards  per  mile  and  was  constructed  almost  entirely  by  steam 
shovel  and  dump  cars. 

TRACK  CONSTRUCTION. 

The  present  standard  is  a  75  pound  steel  rail,  American  Society 
of  Civil  Engineers  standard  section,  laid  broken  joints,  on  17  ties 
per  30  ft.  rail  (2,992  per  mile),  and  24  inch  angle  bars  held  by  four 
J/i  inch  bolts  with  American  nut  locks.  All  but  about  12  miles  was 
laid  with  an  iron  car  and  the  ties  handled  by  teams.  The  remainder 
was  laid  with  track  laying  machine. 

ballasting. 

About  ten  inches  of  gravel  ballast  was  put  under  the  ties.    This 

was  loaded  by  steam  shovel  and  plowed  off  of  cars  by  a  center  ballast 

plow  operated  by  an  inch  and  a  half  steel  cable  attached  to  the 

engine. 

inter-locking  plants. 

Interlocking  switches  are  placed  at  the  following  Railroad 
crossings: — C.  &  A.  (Dwight),  Wabash  (Reddick),  C.  &  E.  I.,  P.  C. 
C.  &  St.  L.,  C.  &  E.,  N.  Y.  C.  &  St.  L.,  P.,  F.  W.  &  C,  B.  &  O.,  L.  E. 
&  W.,  Wabash  (North  Liberty),  L.  S.  &  M.  S.  at  South  Bend,  L.  S. 
&  M.  S.  at  Rugby. 

The  rules  for  operation  of  these  plants  are  as  follows : 

inter-locking  signals. 

Interlocking  Signals  are  classed  as  Distant  semaphore. 
Home  semaphore,  and  Siding  Signals. 

A  Distant  Semaphore  signal  indicates  Caution. 

A  Home  Semaphore  Signal  indicates  Danger  or  Safety. 

A  Siding  Signal  indicates  Danger  or  Safety. 

When  the  arm  on  the  Distant  Semaphore  Post  is  in  a  horizontal 
position,  or  showing  a  green  light  at  night,  trains  may  pass  under  it, 
but  under  full  control,  prepared  to  come  to  a  full  stop  before  passing 
the  Home  Semaphore. 
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the  lake,  sometimes  a  considerable  distance.  As  1%  is  considered 
a  good  yield  it  will  be  seen  that  cheap  transportation  from  the  mine 
to  the  lake  and  from  the  lake  to  the  smeUer  is  a  necessity. 

The  island  portion  of  the  peninsula  has  been  provided  with 
railway  facilities  since  1873,  but  the  South  Range  has  been  prac- 
tically without  an  outlet  for  its  product  until  the  advent  of  the  Cop- 
per Range  Ry.  The  highways  being  little  more  than  trails  through 
the  timber. 

The  high  price  paid  for  copper  in  the  last  few  years  made  the 
mining  interests  in  the  South  Range  desirous  of  reopening  the  old 
mines  and  developing  new  ones.  To  secure  transportation  as 
quitkly  as  possible  some  of  these  interests  offered  large  land  grants 
to  the  railway  company,  providing  the  company  had  trains  running 
by  Januar}^  ist  1900. 

The  survey  for  this  railway  was  made  from  Portage  Lake  at  ' 
Houghton  to  a  junction  with  the  Chicago,  Milwaukee  &  St.  Paul  ' 
Ry.  som.e  41  miles  south,  during  the  winter  of  1898.  The  winter 
was  unusually  severe  even  for  that  locality ;  for  two  weeks  the  tem- 
perature  was  around  45°  below  zero,  yet  the  survey  was  continued. 
This  could  not  have  been  done  in  an  open  country,  but  as  the  line 
was  almost  entirely  through  heavy  timber  the  parties  were  fairly 
comfortable  in  tents. 

The  snow  falls  almost  continually  during  the  winter  months. 
but  owing  to  the  low  temperature  it  does  not  adhere  to  the  clothing 
or  instruments  as  it  does  farther  south.  In  its  dry  condition  it  does 
not  pack  as  it  falls,  as  it  does  in  Illinois,  but  remains  light  and 
feathery  arid  will  not  support  the  weight  of  a  man  hence  it  is  neces- 
sary to  use  snow  shoes.  These  shoes  are  not  as  cum])ersomc  to 
wear  as  they  appear  and  after  a  few  days  ex])erience  one  becomes 
accustomed  to  the  peculiar  motion  necessary  fur  easy  traveling. 

As  the  snow  is  usually  about  5  ft.  dec]),  it  buries  a  large  portion 
of  the  under-brush  and  renders  travel  thronj:::h  the  timber  (juitc 
agreeable,  except  through  thick  evorgroL-ns  wlu-re  one  finds  snow 
both  above  and  below,  and  the  sligliest  disturbance  of  the  branches 


Rkport  of  the  Committee  on  Railways.  139 

1899.         1900. 
Miles.       Miles. 

Length  of  line  owned,  main  line  and  branches 42.89  71.42 

Second,  third,  fourth  and  additional  main  tracks 48U49  64.29 

Yard  tracks  and  sidings 5.68  13.97 

TotaHncrease  in  mileage  of  all  tracks  in  Illinois  for 

the  year 52.62 

Total  length  of  new  line  built  during  the  year 20.17 

Owing  to  the  wide  difference  in  the  character  of  business  trans- 
acted, the  statistics  of  the  elevated  and  surface  railways  have  been 
separated  from  those  of  the  steam  roads,  in  order  that  comparisons 
could  be  made  with  results  that  were  alike  in  character.  For  purely 
statistical  information,  it  is  probable  that  this  could  be  improved  on 
still  more  by  dividing  the  steam  roads  into  two  classes  and  the  ele- 
vated and  surface  electric  roads  in  two  classes,  viz: — 
Steam  railways: 

(A). — Roads  carrying  on  a  general  business  other  than  a  termi- 
nal or  transfer  business. 
(B). — Terminal  or  transfer  companies. 
Elevated  and  surface  electric  railways. 
(A). — Elevated  roads. 
(B). — Surface  roads. 

Naturally,  the  capitalization  of  terminal  or  transfer  companies 
operated  by  steam,  is  considerably  higher  than  steam  roads  trans- 
acting a  general  railway  business;  and  the  same  may  be  said  of 
elevated  roads  as  compared  with  surface  electric  roads.  Separated 
as  above  stated,  we  would  get  results  for  conii)arative  purposes  that 
would  be  alike  in  character 

Interlocking  Systems,  Up  to  Dec.  i,  i8(jo.  the  Railroad  & 
Warehouse  Commission  had  issued  permits  authorizing  the  opera- 
tion of  173  interlocking  systems  in  this  State.  During  the  12 
months  from  Dec.  i,  1899,  ^^  T)cc.  i,  k/x),  jKTniits  were  issued  for 
36  more  interlocking  systems  making  a  total  of  209.     Of  these,  9 
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substations  for  transfomiiiig  the  alternating  to  the  direct  current. 
The  road  will  be  equipped  for  the  handling  of  all  traffic  that  n^ay 
be  offered,  but  one  of  the  principal  sources  of  revenue  will  be  the 
hauling  of  milk  from  the  dairy  country  along  Rock  River  'to  the 
factory  of  the  Anglo  Swiss  Condensed  Milk  Co.,  at  Dixon.  This 
road  will  be  without  any  competition  from  steam  railways  as  the 
territory  occupied  is  at  present  witliout  any  other  means  of  trans- 
portation. The  line  will  run  approximately  southwest,  crossing  sev- 
eral main  lines  of  railway  whch  run  approximately  east  and  west. 

Among  other  long  lines  may  be  noted  the  following:  Detroit, 
Rochester,  Romeo  &  Lake  Orion,  55  miles ;  Detroit,  Ypsilanti  &  Ann 
Arbor,  54  miles;  Detroit  &  Northwestern,  31  miles;  Cleveland  & 
Eastern,  55  miles;  Mahoning  Valley,  38  miles;  Albany  &  Hudson, 
2tJ  miles.     Most  of  these  lines  operate  a  freight  and  express  business. 

The  overhead  wire  system  is  almost  universally  adopted,  but 
the  Albany  and  Hudson  Ry.,  in  New  York  State,  is  operated  on  the 
third-rail  system.  At  grade  crossings  the  third-rail  is  discontinued, 
the  ends  being  connected  by  an  underground  cable.  The  cars  have 
contact  shoes  at  each  end.  30  ft.  apart.  The  central  station  plant  is 
operated  by  water  power,  Victor  turbines  being  used,  but  as  the 
power  available  is  limited  and  variable  a  steam  plant  of  1750  HP. 
has  also  been  installed.  The  main  current  is  generated  by  three 
alternating  current  three-phase  25-cycle  machines,  of  750  kilowatts, 
12,000  volts.  This  current  is  carried  by  overhead  cables  to  substa- 
tions in  the  passenger  stations  at  Hudson,  9  mles  south  of  the 
station ;  North  Chatham,  10  miles  north ;  and  East  Greenwich,  18 
miles  north.  Here  the  current  is  reduced  to  380  volts  by  step-down 
air-blast  transformers,  and  then  converted  to  a  6oo-volt  direct  cur- 
rent by  rotary  converters.  This  direct  current  is  fed  to  the  third 
rail  at  the  main  station  and  the  three  su])-stations.  The  rail  weighs 
80-lbs.  per  yd.,  and  is  supported  by  cast  iron  chairs  on  wooden 
blocks  on  the  ends  of  long  ties  10  ft.  a])art.  The  rail  is  6  ins.  above 
the  track  rail. 
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sought,  and  it  was  shortly  decided  to  attempt  to  acquire  it.  The 
choice  was  entirely  unknown  to  the  owners  of  the  land ;  in  fact,  they 
did  not  realize  what  had  been  going  on  until  the  property  had  been 
acquired. 

An  excellent  agent  was  chosen  to  make  the  purchase,  and  the 
labors  of  doing  so  began  in  September,  1899.  At  the  end  of  three 
months,  nearly  ten  square  miles  of  splendid  territory  with  scarcely 
a  break  had  been  bargained  for,  and  earnest-money  advanced  to 
bind  all  the  contracts  entered  into. 

This  now  brings  us  to  January,  1900,  when  activities  along  the 
engineering  line  began.  Prior  to  this  nothing  had  been  accom- 
plished in  the  line  of  design,  except  to  draw  plans  for  a  future  harbor. 

In  almost  everv  other  citv  built,  there  was  first  a  nucleus.  About 
this  other  buildings  and  residences  were  added,  until  the  winding 
countrv  road  became  the  main  street.  Other  streets  were  added 
when  and  where  needed,  at  first,  without  a  definite  plan.  It  was  only 
after  a  start  was  made  that  the  ground  was  "platted"  for  a  village. 
This  plat  necessarily  followed  the  undirected  steps  already  taken. 
As  the  city  grows,  "additions"  are  platted  and  opened  for  sale,  each 
following  in  its  designs,  the  existing  conditions,  the  city  ordinances, 
and  the  will  of  the  real  estate  dealer  who  opens  it. 

Thus  is  built  up  a  "patchwork"  city  until  it  becomes  large 
enough  for  electric  lights,  gas-works,  water-works,  sewer  system, 
street  paving,  telephone  and  telegraph  systems,  and  other  improve- 
ments. No  proper  provision  for  these  having  been  made  during 
the  growth  of  the  place,  they  are  patched  into  the  patchwork  at  an 
expense,  inconvenience,  and  annoyance  which  might  have  been 
avoided  had  proper  provision  been  made  in  the  beginning. 

There  were  three  principal  factors  that  controlled  the  design  of 
the  citv,  the  first  two  of  which  were  made  bv  the  ( Jcneral  Overseer 
in  1899.  They  were  as  follows;  (i),  the  location  of  the  Temple 
Site  to  be  surrounded  by  al)out  200  acres  of  land  in  the  form  of  a 
square;  (2),  Radiating  from  this  center  there  were  to  be  eight 
important  thoroughfares,  four  of  which  were  to  run  with  the  points 
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and  the  lines  radiating  from  such  points  are  checked  t^  a  flag  pole 
100  ft.  high  now  standing  at  the  center  of  the  200  acre  reserve. 

Every  base  hne  is  measured  twice,  and  the  limit  of  error  per- 
mitted in  any  mile  is  .15  of  a  foot.  Beginning  at  the  three  easterly 
Government  corners  of  a  section,  and  running  westerly  on  the  sur- 
veyed lines,  are  placed,  16  inch  oak  staves  driven  even  with  the  top 
of  the  ground;  100  ft.  apart.  These  are  marked  nicely  both  for 
measurement  and  alignment.  The  same  is  done  on  the  section  and 
quarter  lines  running  north  and  south.  These  markings  are  made 
for  the  future  convenience  of  the  field  engineer  in  dividing  and 
subdividing  the  land,  and  to  assist  him  in  checking  out  his  work. 

When  the  survey  of  a  section  is  completed,  the  field  engineer 
forwards  to  headquarters  a  full  report  of  the  result  of  his  work, 
which  is  at  once  recorded  and  the  report  carefully  filed. 

DESIGNING. 

Shortly  after  the  topographic  maps  had  been  completed,  the 
work  at  headquarters  of  making  a  general  design  for  the  blocking 
up  of  territory  was  commenced. 

Before  outlining  the  method  of  making  this  design,  it  is  nec- 
essary to  say  something  of  the  features  proposed  in  the  laying  out 
of  the  city.  Soon  after  the  author's  engagement  to  become  Engi- 
neer in  Chief  of  this  work,  he  decided  to  obtain  the  opinions  of 
prominent  city  officers  throughout  the  United  States  on  points 
touching  the  ideal  sizes  of  lots,  widtiis  of  streets,  widths  of  alleys 
and  the  like.  A  list  of  eighteen  questions  were  sent  to  the  Presi- 
dents of  the  Boards  of  Public  Works  of  112  cities  having  more  than 
12,000  inhabitants,  with  the  result  that  forty-two  very  clear  and 
excellent  answers  were  received. 

From  observation  the  author  came  to  the  conclusion  long  ago, 
that  the  middle  of  improved  streets  or  highways  is  not  the  place  for 
the  installation  of  sewer  services,  water  mains,  gas  mains  and  the 
like,  nor  should  the  margins  of  streets  be  made  to  look  ugly  by 
telegraph  poles.    Our  eastern  cities,  do  not  know  the  meaning  of 
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An  artesian  well  is  now  being  drilled  in  Section  22,  one  mile 
from  the  lake  front.  The  drilling  commenced  in  a  sandy  soil,  12 
feet  above  datum  and  the  rock  was  struck  at  113  feet.  A  depth  of 
1500  feet  is  calculated  upon,  the  work  extending  into  the  Potsdam 
sandstone;  and  a  flow  of  400  gallons  per  minute  is  expected,  with 
a  possible  static  pressure  of  from  40  to  60  lbs.  per  square  inch.  It 
is  intended  that  this  supply  shall  be  sufficient  for  the  manufacturies 
in  that  immediate  neighborhood  for  some  few  years  to  come.  Terri- 
tory for  sinking  impounding  reservoirs  for  the  excess  flow  from  this 
and  other  wells  has  been  provided  for  in  nearby  territory. 

Sand  of  the  very  best  quality  abounds  on  the  lake  shore  and  on 
some  of  the  more  prominent  ridges  nearer  the  railroad.  There  is 
also  much  shingle  of  all  grades,  from  the  size  of  a  pea  to  stone  as 
large  as  a  fist.     For  roofing  purposes  it  will  par  excellent. 

A  single  test  of  the  clay  has  been  made  from  two  different  loca- 
tions, to  determine  its  value  for  brickmaking  purposes.  An  ordin- 
ary clay  or  buff  colored  brick  was  produced,  and  the  author  reported 
that  the  probabilities  were  favorable  to  a  still  better  grade  than 
the  test  produced,  when  the  operator  of  the  kilns  could  have  some 
experience  in  burning  the  clay. 

It  is  intended  to  erect  a  central  power  plant  on  the  block  directly 
North  of  that  on  which  the  artesian  well  is  located ;  in  this  will  be 
installed  large  power  units,  from  time  to  time,  as  the  demand 
requires  it.  Electrical  transmission  will  be  adopted.  Electricity 
will  also  be  used  for  lighting,  and  the  exhaust  steam  from  the 
engines  will  be  utilized  largely  in  heating  water  to  supply  heat  for 
the  buildings  in  the  immediate  territory. 

The  author  is  investigating  the  matter  of  sewage  disposal,  pay- 
ing special  attention  to  the  septic  tank  treatment,  because  he  has 
had  a  crude  septic  tank  in  operation  at  his  private  dwelling  fc/ 
about  eleven  years.  Further  than  this  there  has  been  nothing  done 
on  the  question  of  sewage  disposal ;  other  than  that  there  is  in  view 
the  use  of  bacteria  beds  for  the  further  purification  of  tlie  effluent, 
turning  it  to  some  account  in  propogating  the  growth  of  the  grass, 
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will  it  be  worth  when  the  ditch  is  completed  ?"  This  difference  is  the 
true  basis  for  classification.  However  the  man  who  can  intelligently 
answer  this  question  has  for  higher  attainments  then  has  the 
average  Commissioner  and  there  is  still  enough  opening  for  trouble. 
This  matter  of  classification,  together  with  a  too  free  exercise  of 
the  almost  unlimited  power  of  the  Commissioners  to  expand  the 
district  is  the  cause  of  fully  nine-tenths  of  the  litigation  which  begins 
at  the  birth  and  ends  with  the  death  of  a  drainage  district.  A  liti- 
gant in  the  Big  Four  district  lately  told  the  chairman  that  the  dis- 
trict had  already  paid  $10,000.00  for  counsel  fees.  He  did  not  say 
what  his  side  had  paid,  but  probably  a  like  amount.  He  further 
said  that  he  thought  the  litigation  only  fairly  started,  certainly  not 
half  through.  This  would  make  the  entire  cost  of  the  litigation  about 
$25,000.00  to  date  or  20%  of  the  estimated  cost  of  the  entire  work. 
How  much  better  for  the  district  if  this  could  have  been  spent  in  the 
supplementary  work  of  underdraining. 

The  chairman  for  the  last  eighteen  years  has  been  almost  con- 
stantly associated  with  drainage  districts,  and  has  seen  much  of  the 
litigation  attending  them.  He  is  of  the  opinion  that  the  courts, 
under  the  plea  of  public  policy,  lean  altogether  too  strongly  in  favor 
of  the  district.  If  in  passing  on  disputed  points,  more  regard  were 
paid  to  the  equity  of  the  case  and  less  to  the  strict  letter  of  the  law, 
it  would  prove  in  the  end  beneficial  to  the  cause  of  drainage.  In  the 
case  given  as  an  illustration  the  latter  policy  might  cause  delay  or 
even  defeat,  but  it  would  ultimately  result  in  wiping  out  the  methods 
by  which  so  great  injustice  is  often  wrought. 

Some  litigation  must  be  expected,  for  some  people  are  born 
litigants.  There  will  always  be  some  who  think  their  benefits  rated  too 
high  and  their  neighbors'  too  low ;  such  cases  must  be  decided  by  the 
courts.  Litigation  is  necessarily  begun  by  some  action  of  the  Com- 
missioners, who,  however  honest,  are  only  human,  and  therefore 
liable  to  err.  However  the  courts  very  rarely  materially  disturb  their 
action  and  still  more  rarely  overthrow  it,  and  people  are  apt  to  think 
there  is  something  radically  wrong,  either  in  the  letter  of  the  law  or 


Proposed  Topographic  Map  of  Illinois — Herron.        185 

State  of  $20,000  each  year,  an  equivalent  amount  to  be  expended 
by  the  U.  S.  Geological  Survey,  and  limits  the  final  cost  to  the  State 
to  $4.00  per  square  mile.  From  accurate  estimates  based  upon  a 
similar  class  of  work  in  other  States  and  takings  into  consideration 
the  character  of  the  topography  in  Illinois,  we  are  assured  that  a 
map  on  a  scale  api)roximating  one  mile  to  the  inch  (publication 
scale)  can  be  made  for  this  sum.  Illinois  has  an  area  of  56,650 
square  miles,  4,435  square  miles  of  which  have  already  been  sur- 
veyed, leaving  the  area  to  be  mapped  52,213  square  miles.  At  $8.00 
per  square  mile,  the  total  cost  of  the  survey  would  be  $417,720. 
Half  of  this  amoimt  would  be  expended  by  the  I'.  S.  Geological 
Survey,  leaving  $208,860  as  the  cost  to  Illinois  for  a  complete  topo- 
graphic map  of  the  State.  It  would  be  controlled  horizontally  by 
a  system  of  primary  triangulation  ( developeil  from  the  various  ac- 
curate iriangulation  surveys  already  made  within  the  State )  and 
by  primary  traverse,  one  exact  horizontal  position  in  every  ten  square 
miles  being  established.  \'ertical  control  is  obtained  by  a  system 
of  leveling  whose  maximum  limit  of  error  on  main  lines  v.ould  be 
six  inches  to  100  miles.  In  connection  with  this  branch  of  work, 
at  least  one  permanent  bench  mark  with  elevation  marked  to  near- 
est foot  would  be  set  in  each  townshi[)  or  e(|uivalent  area,  and  at 
least  one  recorded  bench  mark  of  less  permanent  character  in  every 
three  square  miles.  A  meridian  mark  would  be  established  at  each 
countv  seat  in  the  State  for  the  use  of  local  survevors  in  testinir  in- 
struments  and  establishing  exact  coni])ass  variations.  To])OjL:rapliic 
maps  produced  by  co-operation  are  engraved  on  coi)])er  and  printed 
from  stone  in  the  highest  style  of  cartography,  without  ex])ense  to 
the  State.  Transfers  from  the  co])]kt  plates  may  be  furnished  the 
State  if  desired,  to  print  its  own  edition. 

The  appropriation  from  the  State  wouKl  he  ex])en{ie(l  entirely 
in  actual  field  work,  living  exi)enses,  and  services  of  temporary 
employees  resident  in  the  State.  The  a])])roj)riation  of  ilie  federal 
government  would  be  used  ])artly  in  field  work,  partly  in  salaries 
of  its  permanent  employees  and  a   small   anmunt    toward   general 
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administrative  expenditures.  It  will  be  noticed  that  the  total  ap- 
propriation of  the  State  is  returned  to  the  people  of  the  State,  and 
that  about  sixty  per  cent,  of  the  federal  appropriation  is  also  ex- 
pended in  the  state. 

ADVANTAGES   TO    THE   U.    S.    GEOLOGICAL    SURVEY. 

The  advantages  to  the  United  States  in  co-operation  are  appar- 
ent in  the  following: 

The  total  appropriation  for  topographic  surveys  by  the  federal 
government  is  divided  pro  rata  among  the  States.  That  the  Federal 
survey  may  complete  the  mapping  of  the  United  States,  it  diverts 
larger  sums  to  such  States  as  co-operate.  It  pushes  its  topographic 
map  by  this  means  in  any  locality  in  which  it  may  produce  the  largest 
results  at  least  expense  to  the  Government.  This  is  done  that  the 
topographic  map  may  be  had  at  the  earliest  date  for  further  study 
of  economic  resources,  hydrography,  forestry,  etc. 

THE  NECESSITY   FOR   IMMEDIATE   ACTION. 

It  is  hardly  necessary  to  comment  further  upon  the  advantage 
to  the  State  of  such  an  arrangement,  nor  should  we  delay  action 
in  the  matter.  For  obvious  reasons,  the  Federal  survey,  on  account 
of  limited  appropriations,  cannot  carry  out  this  plan  of  co-opera- 
tion in  many  States  simultaneously,  and  we  may  be  sure  that  the 
States  surrounding  us  are  already  awake  to  the  importance  of  grasp- 
ing this  opportunity.  It  is  sincerely  hoped  that  the  Legislature  will 
take  up  this  proposition  early  in  the  session  and  act  upon  it  speedily. 
It  is  incumbent  upon  every  citizen  who  is  interested  in  the  welfare 
of  Illinois  to  lend  his  influence  and  assistance  toward  hastening  the 
accomplishment  of  this  work. 

DISCUSSION. 

Prof.  M.  S.  Ketchum:  The  speaker  is  glad  that  the  society 
has  this  opportunity  to  discuss  the  question  of  a  topographic  survey 
of  the  state  before  anything  is  done  in  the  way  of  a  definite  recom- 
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years  to  come.  In  case  the  state  was  mapped  on  a  scale  of  i :  io,ocx> 
there  would  still  be  a  demand  for  a  map  of  the  character  described 
by  the  author. 

It  would  therefore  seem  best  t(%the  speaker  to  follow  the  sug- 
gestions made  by  the  author  and  make  a  topographic  map  of  the 
state  on  a  scale  of  i :  62,500  at  a  cost  of  approximately  $8.00  per 
square  mile.  The  topographic  survey  should  be  followed  by  a  sur- 
vey of  the  economic  geology  of  the  state.  The  topographic  map 
must  be  made  before  a  geological  survey  can  be  successfully  made. 
In  view  of  the  foregoing  the  speaker  wishes  to  commend  the  pro- 
posed topographic  map  as  described  by  the  author  and  hopes  that 
Society  will  give  the  enterprise  its  endorsement. 

Mr.  W.  H.  Herron  :  The  paper  did  not  touch  extensively 
on  the  leveling.  In  the  proposed  survey  permanent  bench  marks 
will  be  established  in  each  township,  each  accessible  so  that  the  sys- 
tem may  be  extended.  The  second  levels  are  run  by  telescopic 
angles ;  and  often  the  leveling  is  with  the  stadia  itself.  The  speaker 
believes  that  the  map  would  be  very  valuable  in  the  drainage  of 
swamp  land. 

No  barometer  methods  are  used;  they  have  been  abandoned 

by  the  United  States  Geological  Survey  because  they  were  too 

• 

inaccurate.  The  first  four  or  five  years  of  the  speaker's  service  were 
spent  in  working  out  and  adjusting  barometer  readings.  On  the 
plains  of  Kansas  a  system  of  running  vertical  angles  was  adopted. 
Stations  were  established  at  every  section  corner;  and  from  these 
the  barometer  was  taken  to  determine  intermedite  elevations.  The 
barometer  has  proved  to  be  entirely  imsatisfactory.  Gradually  it  has 
left  the  Geological  Survey,  and  few  are  sorry  that  it  has  gone ;  it  is 
impossible  to  do  accurate  work  with  it. 

In  taking  the  topography  the  plane  table  is  used  to  a  great 
extent,  much  of  the  work  being  done  graphically.  If  the  plane  table 
were  not  used  the  cost  would  be  much  more.  An  area  that  costs 
li>8.oo  a  square  mile  would  cost  several  hundred  dollars ;  as  it  does  in 
England,  in  fact  all  Europe  is  a  hundred  years  behind  us.    However, 
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Mr.  H.  G.  Paddock  :  Along  the  Mississippi  River  use  is  made 
of  government  maps.  The  Mississippi  River  Commission  maps 
and  those  of  the  Geological  Survey  have  different  scales,  yet  they 
work  very  well  together.  The  Mississippi  River  Commission  has 
made  maps  with  contour  intervals  of  from  one  to  ten  feet.  Sound- 
ings are  given  for  the  whole  river,  some  of  which  the  speaker  has 
checked  and  found  correct  to  within  two  or  three-tenths. 

The  speaker  has  used  these  maps  to  determine  watersheds  and 
the  amount  of  fall  on  certain  areas  and  found  them  very  accurate. 
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DISCUSSION. 

IN    AIX)PriNG    OLD    CORNERS    NOT    MADE    BY    THE    GOVERNMENT    SUR- 
VEYORS, WHAT  IS  THE  MAXIMUM   ALLOWANCE  TO  MAKE 
FOR  ERRORS  IN  ALINEMENT  AND  REARING? 

Mr.  J.  L.  Clark  :  The  speaker  is  responsible  for  the  question. 
In  making  resurveys  a  great  discreptancy  in  distance  and  bearing  is 
often  found.  This  is  more  particularly  the  case  with  quarter  section 
corners  which  have  been  placed  by  private  surveyors.  The  question 
arose  in  the  speaker's  mind  whether  any  limit  of  error  could  be  set ; 
so  that  if  the  error  in  the  location  of  a  corner  exceeded  this,  a  new 
corner  could  be  placed  at  the  proper  point. 

Mr.  W.  a.  Hay:  To  try  to  correct  an  old  survey  would 
produce  endless  litigation.  For  example ; — in  the  city  of  De  Kalb 
the  lengths  of  blocks  are  much  in  error,  some  are  too  long  others 
too  short.  If  a  surveyor  should  attempt  to  change  the  present  lines 
in  the  lots  so  that  the  excess  or  deficiency  were  divided  pro  rata, 
the  property  owners  would  immediately  protest,  and  in  case  of  suit 
they  would  be  upheld  in  court. 

Prof.  M.  S.  Ketchum  :  The  speaker  is  of  the  opinion  that  cor- 
ners put  in  by  private  survevors  often  attain  the  dignity  of  govern- 
ment corners  and  their  location  cannot  then  be  changed  by  any  sub- 
sequent survey.  In  making  a  resurvey  of  a  private  or  government 
survcv  it  is  the  function  of  the  surveyor  to  find  where  the  monu- 
ments,  corners,  lines  and  boundaries  originally  were  and  not  where 
they  ought  to  have  been.  Failing  in  this  it  is  his  business  to 
re-establish  them  as  nearly  as  posible  in  their  original  positions.  No 
re-established  moiniment,  no  matter  how  carefully  located  will  have 
the  same  weight  as  the  original  earner  if  it  can  be  found. 
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RESULTS  OF  LICENSE  LAW  FOR  ARCHITECTS  IN 

ILLINOIS. 


BY  N.  C.  KICKER. 


In  continental  Europe,  the  profession  of  architecture  can  only 
be  entered  after  a  full  course  of  technical  studies  in  a  school  of  archi- 
tecture, a  term  of  practical  experience,  and  by  passing  a  severe 
examination  by  state  authority.  This  ensures  the  possession  of  an 
amount  of  professional  knowledge  and  experience  at  least  equalling 
the  requirements  for  admission  to  the  professions  of  law  and  medi- 
cine. It  results,  that  the  duties,  powers,  and  renumeration  of  an 
architect  are  more  clearly  defined,  and  his  responsibility  for  his  work 
is  greater,  than  is  the  case  in  the  United  States,  where  the  profession 
is  practically  open  to  any  person  possessing  the  moderate  capital 
necessary  to  equip  an  office,  and  who  can  secure  some  confiding 
clients. 

This  condition  of  affairs  was  long  since  considered  objection- 
able by  thoughtful  architects,  who  agreed  that  at  least  a  minimum 
professional  knowledge  should  be  possessed  by  every  architect,  and 
that  like  law  and  medicine,  this  profession  should  be  protected  from 
ignorant  and  dishonest  pretenders,  dangerous  to  life  and  health  and 
promoting  large  expenditures  of  money,  producing  neither  good 
architecture  nor  any  adequate  financial  return. 

The  average  citizen  is  frequently  unable  to  distinguish  between 
scientific  physicians  and  quacks ;  he  is  still  less  likely  to  appreciate 
the  great  difference  between  a  competent  architect  and  on)e  ignorant 
of  sanitation,  of  the  principles  of  construction,  relying  entirely  on 
Divine  Providence  to  sustain  his  buildings  until  after  the  collection 
of  his  commission. 
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fession,  these  efforts  were  successful,  the  law  was  enacted  and 
approved  by  the  Governor.  A  few  amendments  to  remedy  defects 
were  further  made  in  1899. 

The  chief  points  of  the  present  law  are  as  follows : — 

Each  practicing  architect  must  procure  a  license,  obtain  a  per- 
sonal seal  bearing  his  name  and  address,  afid  impress  this  on  all 
working  drawings  and  specifications  issued  from  his  office.  This 
locates  the  personal  responsibility  for  defective  construction  and 
for  injuries  to  life  or  health.  This  license  may  be  revoked  for  non- 
payment of  annual  fee  and  restored  on  payment  thereof.  Or  it  may 
be  revoked  for  incompetency,  recklessness  or  dishonest  practices 
after  due  trial  before  the  Board.  Penalty  of  from  $50  to  $500  per 
week  is  provided  for  practicing  architecture  without  a  license,  and 
the  Board  is  required  to  prosecute  all  violations  and  is  authorized 
to  expend  funds  for  this  puri)ose.  These  penalties  ar<*  not  received 
by  the  Board,  but  are  paid  into  the  local  school  fund. 

In  order  to  avoid  any  strong  opposition  to  the  enactment  of 
this  law,  it  was  necessary  to  make  two  concessions,  whose  effect  is 
temporarily  injurious,  but  this  condition  is  rapidly  improving. 

I.     License  without  examination. 

Any  person  practicing  architecture  as  a  profession  on  July  i, 
1897,  the  time  at  which  the  law  went  into  effect,  was  entitled  to  a 
license  without  examination  of  his  cjaulifications,  provided  he  made 
application  before  January  i,  i8<;8,  and  furnished  satisfactory  proofs 
of  the  fact.  Although  a  careful  investigation  of  the  evidence  was 
made  in  each  case,  the  competency  of  the  applicant  could  not  be 
considered,  and  it  is  probable  that  a  considerable  number  of  inconi' 
petent  men  were  necessarily  licensed,  to  the  disgust  of  some  fully 
qaulified  practitioners. 

But  it  is  certain  that  without  this  provision,  strenuous  opposi- 
tion to  the  law  would  have  been  made  by  i)rominent  architects,  who 
regarded  any  examination  into  their  competency  as  humiliating  and 
as  a  possible  means  of  injury  that  might  be  utilized  by  professional 
rivals.     F^ut  a  single  architect,  entitled  to  license  on   account  of 
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licenses.  This  is  simply  just,  because  it  would  be  improper  to  per- 
mit an  engineer  to  practice  architecture  without  a  license,  just  as 
he  would  not  be  permitted  to  plead  in  a  court  of  law  without  having 
been  admitted  to  the  bar. 

The  statement  has  sometimes  been  made  that  the  law  practi- 
cally prevents  non-resident  architects  from  practicing  in  Illinois. 
But  this  is  entirely  untrue,  for  such  architects  may  obtain  licenses 
on  exactlv  the  same  terms  as  those  resident  within  the  state.  A 
considerable  number  of  such  licenses  hive  been  issued  to  architects 
residing  in  Boston,  Cincinnati,  St.  Louis,  and  in  various  cities  in 
Indiana. 

In  acordance  with  the  provisions  of  the  act,  the  Governor  ap- 
pointed a  Board  of  Examiners  to  execute  the  license  law,  con- 
sisting of  Hon.  Dankmar  Adler,  President  of  the  Board  for  the  first 
two  years,  Peter  B.  Wight,  its  Secretary,  W.  H.  Reeves,  W.  C. 
Zimmerman,  and  N.  C.  Ricker. 

This  Board  first  met  and  organized  on  September  3,  1897,  and 
since  no  forms  nor  precedents  for  conducting  its  business  existed,  it 
first  became  necessary  to  pre])are  a  series  of  blank  forms  and  to 
arrange  a  system  for  handling  the  work,  that  should  ensure  justice 
to  all  applicants  and  speedy  decisions  in  all  cases.  A  blank  applica- 
tion was  sent  to  all  applicants  to  be  properly  filled  out  and  accom- 
panied by  an  affidavit. 

As  a  check  on  the  statements  made  in  the  application,  the 
names  of  two  buildings  were  re(|uired,  for  which  the  applicant  had 
been  meployed  as  architect,  together, with  the  names  and  addresses 
of  their  owners.  Letters  to  tliese  owners  soon  elicited  the  facts, 
whether  the  applicant  had  actually  been  the  architect  of  the  building 
or  merely  a  contractor  for  its  construction.  If  satisfactory  replies 
were  received  and  personal  knowledge,  or  iiKjuiries  made  by  the 
Board  corroborated  this  information,  the  license  was  issued.  It  was 
manifestly  impossible  \ox  any  member  of  the  l>oard  to  have  personal 
knowledge  of  the  eight  hundred  applicants  for  license  on  account 
of  j)ractice;  but  if  it  appeared  that  the  applicant  was  merely  a  con- 
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these  were  issued  to  architects  practicing  in  Chicago  or  its  suburbs, 
which  indeed  seemed  to  be  a  large  number  for  a  city,  where  build- 
ing had  been  almost  prevented  since  1892  by  hard  times  and  by  dis- 
putes between  contractors  and  trade  unions.  About  150  architects 
were  licensed  in  the  remainder  of  the  state,  and  a  score  of  more  non- 
residents obtained  license.  The  number  of  applicants  was  indeed 
surprising,  since  no  member  of  the  Board  would  have  expected  to 
find  more  than  400  architects  practicing  within  the  state. 

Besides  the  great  number  of  architects  in  Chicago,  other  evi- 
dence demonstrated  its  vastness  and  its  un-Americanized  foreign 
population;  for  a  Bohemian  architect  was  found  there,  practicing 
entirely  among  his  compatriots,  who  actually  used  specifications 
printed  and  written  in  the  Bohemian  language.  It  was  necessary 
to  employ  an  interpreter  at  his  appearance  before  the  Board. 

After  January  i,  a  new  form  of  application  blank  was  used, 
together  with  a  different  form  of  license,  stating  that  its  possessor 
had  passed  a  satisfactory  examination  of  his  professional  qualifica- 
tions as  prescribed  by  the  law.  This  application  for  examination 
and  license  specifies  the  education  and  professional  training  of  the 
candidate,  the  nature  of  his  employment  for  the  five  y?ars  previous, 
and  names  any  buildings  designed  by  him..  Working  drawings  and 
specifications  of  these  buildings  may  be  sent  in,  and  resident  archi- 
tects are  required  to  personally  appear  before  the  Board  for  oral 
examination.  If  this  evidence  and  the  qualifications  of  the  applicant 
api)ear  inferior  to  those  required  in  the  class  examination,  he  is 
directed  to  appear  at  the  next  class  examination,  which  is  entirely 
written,  continues  for  two  and  a  half  or  three  days  and  is  conducted 
bv  a  committee  of  three  members  of  the  Board,  which  marks  the 
papers,  identified  by  numbers  only. 

Two  or  three  class  examinations  have  been  held  annually,  alter- 
nately in  Chicago  and  at  the  University  of  Illinois.  These  relate 
only  to  the  ^\q  points  specified  in  the  license  law : — 

"The  examination  shall  have  special  reference  to  the  construc- 
tion of  buildings,  and  a  test  of  the  knowledge  of  the  candidate  of  the 
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The  system  of  administration  is  largely  due  to  the  wise  fore- 
sight and  the  careful  thought  of  the  late  Dankmar  Adler,  a  gentle- 
man imbued  with  the  noblest  civic  spirit;  the  very  complete  forms 
required  were  chiefly  devised  by  Peter  B.  Wight,  the  Secretary  of 
the  Board ;  other  members  have  devoted  especial  care  to  the  exami- 
nations and  the  general  work  of  the  Board. 

The  general  results  of  the  law  have  been  decidedly  advantageous 
to  the  public,  as  well  as  to  the  profession. 

Numerous  shysters  and  incompetents  have  been  driven  out  of 
practice,  especially  in  Chicago  and  its  vicinity,  where  a  considerable 
number  of  men  have  been  prosecuted  and  fined.  There  is  plenty 
of  room  for  this  class  outside  of  Illinois. 

The  professional  status  of  the  architect  has  been  very  materially 
elevated,  and  the  general  public  is  learning  that  there  is  a  great 
difference  between  the  architect  and  the  contractor,  and  to  beware 
of  a  person  attempting  to  perform  both  services  at  the  same  time. 
No  man  should  have  an  interest  in  the  profits  of  the  erection  of  a 
building  built  under  his  direction  and  subject  to  his  approval,  acting 
as  the  expert  advisor  and  agent  of  the  owner. 

Draftsmen  in  the  larger  offices  have  been  restrained  from  prac- 
tising on  their  own  account,  unless  they  pass  examinations  and 
obtain  a  license,  when  they  usually  commence  for  themselves.  This 
kind  of  practice  had  been  quite  common  in  Chicago,  to  the  detri- 
ment of  regular  practitioners,  who  have  to  pay  rent  and  other  ex- 
penses, from  which  the  draftsman  is  free.  It  was  usually  forbidden 
in  the  best  offices.  Cases  have  even  occurred  where  draftsmen  have 
been  employed  to  work  on  competition  drawings,  and  have  made 
and  presented  other  designs  made  by  themselves  on  their  own 
account,  certainly  a  matter  of  bad  faith. 

The  professional  education  and  training  necessary  to  the  suc- 
cessful practice  of  architecture  has  very  materially  increased  during 
the  existence  of  the  law.  Nearly  one-sixth  of  the  number  of  archi- 
tects licensed  without  examination  have  been  replaced  by  men  who 
have  passed  the  examinations  now  required.     Since  this  change  has 
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been  employed  to  place  his  seal  on  plans  made  by  architects  resid- 
ing outside  the  State.  The  probabilities  are  that  he  took  his  seal 
out  of  the  State  to  stamp  the  drawings.     The  license  was  revoked. 

Mr.  F.  Oswald:  It  occurred  in  the  speaker's  practice  that  ^ 
man  came  to  him  with  a  proposition  for  the  use  of  the  speaker's 
seal.  It  was  refused;  but  it  seems  that  the  man  obtained  the  use 
of  a  seal  from  another  architect  whose  license  was  later  revoked. 
This  is  probably  the  case  to  which  Prof.  Ricker  refers. 

The  speaker  believes  that  it  would  be  well  to  adopt  a  scale  of 
charges.  A  scale  is  recommended  by  the  Board  in  Chicago,  but  it 
would  be  well  to  appoint  a  committee  to  draft  a  scale  which  could 
be  adopted  by  architects  over  the  State. 
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those  professions,  however  much  good  they  may  obtain  from  and 
through  them,  but  only  for  the  protection  and  benefit  of  the  people. 
Qass  legislation  is  unconstitutional,  and  no  law  will  stand  in  litiga- 
tion which  was  enacted  for  the  benefit  of  a  class  or  profession  of 
individuals;  but  laws  which  are  for  general  application  and  the 
benefit  of  the  public  are  souud  in  the  estimation  of  the  courts. 
These  remarks  apply  directly  to  the  licensing  of  surveyors  and 
engineers ;  and  if  a  law  to  this  effect  is  ever  made  it  will  be  upon  the 
sound  basis  on  which  safe  legislation  rests,  the  protection  and  help 
of  the  people. 

The  legislature  of  1899  enacted  a  law  providing  for  the  appoint- 
ment of  a  State  Architect.  His  duties  are  to  have  charge  of  the 
construction  of  all  buildings  erected  by  the  State.  There  are  about 
twenty-five  State  boards  in  existence  in  this  State  in  charge  of  the 
different  charitable,  penal  and  educational  institutions;  and  every 
legislature,  in  the  necessities  of  the  case,  appropriates  a  large  amount 
of  money  for  enlargement  to  provide  for  the  growth  of  these  institu- 
tions. That  part  of  this  money  which  goes  into  permanent  im- 
provements is  to  be  expended  under  the  direction  and  supervision 
of  the  State  architect.  The  law,  as  it  now  is,  has  many  faults,  and 
it  is  a  serious  question  whether  it  is  possible  to  make  its  working 
successful  at  all.  It  is  clear  that  the  law  will  be  radically  amended 
at  the  present  session,  if  not  altogether  repealed.  It  may  be  re- 
marked that  it  is  said  that  the  law  was  enacted  at  the  request,  not 
of  the  people  of  the  State,  but  for  the  express  advantage  of  a  few 
men  who  thought  they  could  control  the  appointment.  It  is  to  be 
hoped  that  no  such  motive  will  prevail  in  its  amendment,  or  there 
will  be  danger  of  its  entire  repeal. 

S.   A.   BULLARD, 
N.    C.   RiCKER, 

J.  G.  Melluish, 

Committee. 
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DISCUSSION. 

Mr.  S.  a.  Bullard. — The  speaker  wishes  to  mention  some  of 
the  difficulties  which  the  State  Architects  have  met.  The  twenty- 
five  Boards  are  entirely  independent,  working  under  dfferent  heads. 
One  architect  can  not  easily  work  in  harmony  with  all  these  Boards. 
The  Legislature  will  probably  do  something  to  bring  these  offices 
together.  Gov.  Tanner  recommended  that  all  charitable  institutions 
be  placed  under  one  head.  If  a  consolidation  of  this  kind  is  made 
it  will  be  possible  for  a  state  architect  to  work  with  some  effect. 
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,  INVENTION  IN  THE  NINETEENTH  CENTURY. 


By  Jacob  A.  Harman. 


The  last  25  years  have  been  the  most  prolific  in  invention  of  any 
period.  In  this  country  the  patent  office  has  granted  half  a  million 
patents;  while  during  the  first  75  years  of  the  century  150.000 
patents  were  issued.  Progress  in  invention  has  been  by  small  and 
almost  imperceptible  steps.  Even  the  great  principles  which  have 
revolutionized  the  arts  are  the  result  of  the  work  of  many  men  con- 
tinuing through  years.  So  closely  does  invention  follow  industrial 
requirements  that  seldom  is  an  article  required  which  is  not  soon 
supplied. 

The  steam  engine,  which  was  well  known  and  considerably  used 
in  the  preceeding  century,  has  been  developed  and  extended  in  uses 
until  to-day  it  is  the  life-blood  of  our  industrial  progress.  The 
primitive  form  with  throttling  governor,  as  invented  by  Watt  in 
the  latter  years  of  the  last  century  has  been  improved  until  the  Cor- 
liss valve-gear  and  automatic  cut-oflF  and  triple  and  quadruple  ex- 
pansion have  brought  it  very  near  to  the  apparent  limit  of  economy. 
The  steam  engine  has  made  possible  our  present  high  development 
of  transportation  on  land  and  sea ;  and  it  surely  deserves  the  greatest 
share  of  credit  for  our  material  progress.  Without  its  wonderful 
adaptability  to  all  conditions  requiring  use  of  power,  many  of  the 
inventions  of  to-day  would  not  have  been  required. 

The  dynamo  with  all  its  progress  has  required  the  services  of 
the  steam  engine  to  supplv  it  with  the  energy  which  it  converts  into 
electricity. 

ar 

The  greatest  efforts  in  invention  are  now  being  directed  toward 
cheapening  production ;  and  as  the  steam  engine  has  been  so  nearly 
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erates  electricity  by  chemical  decomposition  was  the  only  practical 
means  of  producing  electricity  for  commercial  purposes.  The  tele- 
graph and  electric  light  and  many  other  useful  discoveries  were 
rendered  possible  by  batteries,  but  the  cost  and  limited  current  re- 
stricted practical  application  to  the  telegraph  and  laboratory.  Active 
development  of  the  dynamo  began  in  the  early  seventies,  and  so  great 
has  been  the  progress  that  its  use  has  become  well  nigh  universal. 
Electricity  has  revolutionized  transmission  of  light  and  power.  It 
furnishes  power  over  miles  of  slender  copper  wire  to  drive  a  fan 
for  cooling  in  summer,  a  pump  for  supplying  water,  light  our  streets 
and  houses,  or  to  operate  a  factory.  It  propel  Is  our  street  cars  and 
is  now  an  active  competitor  with  the  steam  railroad  for  local  traffic. 
It  is  used  extensively  in  the  arts  for  welding,  and  the  electric  furnace 
has  made  possible  the  production,  on  a  commercial  scale,  of  carbor- 
undum and  calcium  carbide.  This  being  but  a  beginning,  so  little 
being  really  known  of  electricity  as  yet,  great  hopes  are  entertained 
for  its  further  development. 

In  all  the  preceding  centuries  hand  sewing  was  exclusively  em- 
ployed, and  it  was  reserved  to  the  nineteenth  century  to  relieve 
women  from  the  drudgery  which  for  so  many  centuries  enslaved 
them.  Embroidery  machines  had  been  patented  in  England  as  early 
as  1755.  In  1826  Lye  was  granted  a  United  States  patent  on  a 
sewing  machine,  but  no  records  remain  as  all  were  burned  in  the  fire 
of  1836.  In  1830  a  sewing  machine  was  invented  in  France.  Eighty, 
made  of  wood  were  used  for  sewing  army  clothes;  but  they  were 
destroyed  by  a  mob,  as  many  other  labor  saving  inventions  had 
been  before.  The  development  of  the  modern  sewing  machine, 
however,  began  with  the  work  of  Elias  Howe,  who  obtained  his 
first  patent  Sept.  10,  1846.  Meeting  with  little  encouragement, 
Howe  went  to  England  to  introduce  his  machine,  but  failing, 
returned  to  find  that  sewing  machines  embodying  his  invention 
were  being  sold.  He  won  his  suit  against  the  infringers  who  were 
obliged  to  pay  royalties  which  were  estimated  in  1863,  at  $4,OQO 
per  day.    Improvements  without  number  have  been  invented,  and  a 
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ments  made  by  Watt,  though  very  important,  had  a  very  limited 
result.  The  engines  made  were  almost  wholly  used  in  pumping 
water  out  of  deep  mines." 

In  the  17th  century  the  one  great  and  far  reaching  invention, 
was  the  telescope.  The  barometer  and  thermometer  were  minor 
inventions. 

In  the  1 6th  century  we  have  no  invention  of  the  first  rank,  but 
in  the  15th,  we  have  printing. 

The  mariners'  compass  was  invented  early  in  the  14th  century 
and  thus  facilitated  the  discovery  of  America.  Then  backward  to 
the  dawn  of  history  or  rather  prehistoric  times,  we  have  the  two 
great  engines  of  knowledge  and  discovery,  the  Indian  or  Arabic 
numerals,  leading  to  Arithmetic  and  Algebra  and  more  remote  still 
the  invention  of  Alphabetical  writing.  Summing  these  up,  we  find 
only  the  steam  engine,  the  barometer,  the  telescope,  the  printing 
press,  the  mariners'  compass,  Arabic  numerals,  and  alphabetical 
writing,  seven  in  all,  as  against  thirteen  in  our  single  century. 
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THE  EFFECT  OF  CURVATURE  ON  THE  STRENGTH  OF 

MACHINE  PARTS. 


By  G.  A.  Goodenough. 


The  general  theory  of  the  stresses  in  bars  with  curved  center- 
lines  may  be  found  in  the  German  works  of  Bach  and  Grashof. 
Strangely  enough  this  important  part  of  the  subject  of  strength  of 
materials  has  not  received  any  consideration  by  American  writers, 
probably  because  our  American  and  English  text  books  are  written 
primarily  for  civil  engineers  who  are  concerned  with  straight  beams, 
struts,  etc.  In  this  short  article  the  author  does  not  propose  to 
develop  the  theory;  for  this  the  reader  is  referred  to  the  works 
above  quoted.  The  author  wishes  merely  to  call  attention  to  the 
fact  that  there  is  such  a  theory,  and  to  show  by  a  familiar  example 
the  serious  error  of  computing  stresses  in  curved  bars  by  laws  that 
hold  true  for  straight  bars  only. 


Fig    I 

In  Fig.  I,  A  B  C  D  represent  a  part  of  a  straight  bar,  A  1) 
and  H  C  being  parallel  cross  sections.  If  the  bar  is  subjected  to 
the  action  of  a  couple  it  will  l)end,  and  the  sections  will  chaiiij^e 
their  relative  position;  assuming  AD  to  remain  in  its  original  posi- 
tion, BC  will  take  the  new  position  B'C.    The  usual  assumption  of 
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the  theory  of  flexure  are :  (i)  the  plane  section  BC  remains  a  plane 
section  in  its  new  position ;  (2)  the  stress  in  any  fiber  is  proportional 
to  the  specific  elongaton  of  that  fiber.  Now  since  the  elongation  in 
any  fiber  is  proportional  to  the  distance  of  the  fiber  from  the  neutral 
surface,  and  since  the  fibers  are  originally  of  the  same  length,  it 
follows  that  the  stress  in  fiber  is  proportional  to  the  distance  of  the 
fiber  from  the  neutral  surface.  The  stress  is  therefore  a  linear 
function  and  the  graphical  representation  of  the  stress  will  be  that 
given  by  the  straight  line  EHF. 


/   c>-^. 


V       / 


0' 


Fig.  2. 

Suppose  however  the  bar  or  beam  is  curved,  as  shown  in  Fig.  2, 
the  center  of  the  curvature  being  at  O.  A  couple  acts  on  the  part 
under  consideration  and  the  Section  BC  assumes  a  new  position 
B'C  due  to  the  bending  moment  of  the  couple.  Assuming  that  the 
section  in  its  new  position  remains  plane,  the  elongation  of  a  fiber 
is  as  in  Fig.  i,  a  linear  function  of  the  distance  of  the  fiber  from  the 
■neutral  surface.  However,  the  original  lengths  of  the  fibers  are 
different  at  different  points  of  the  cross  section,  those  on  the  con- 
cave side  being  the  shorter ;  hence,  though  the  absolute  elongation 
of  any  fiber  is  proportional  to  the  distance  of  the  fiber  from  the 
neutral   surface,   the   specific   elongation   and  in   consequence  the 
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S  =:  intensity  of  stress  at  any  fiber. 

P  =  normal  force  distributed  over  section ; 

M  =  bending  moment  of  couple ; 

A  =  area  of  section ; 

R  :=  radius  of  curvature  of  center  line  of  bar  at  section  in 
question ; 

E  =  distance  of  fiber  from  plane  through  gravity  axis ; 

Z  =  a  factor  depending  upon  the  form  of  the  section  and  the 
radius  of  curvature. 

The  force  P  is  to  be  taken  positive  when  it  produces  tension; 
M  is  positive  when  it  tend?  to  increase  the  curvature  of  the  bar; 
E  is  positive  when  measured  from  the  axis  towards  the  convex  side, 
negative  when  measured  towards  the  concave  side. 

The  factor  Z,  depends  upon  the  form  of  the  cross  section  and 
upon  the  radius  of  curvature;  it  may  be  found  by  evaluating  the 
integral. 

Bach  gives  the  following  expression  for  Z  for  the  section  most 
in  use: 

I.     Rectangle,  width  b  and  depth  h  =  2c. 


Z  =  —^  X   integral   ^    7    i^  ^  A    i 


^=-'  +  ?-'§^^'f-K 


-(^) 


'(i)'-(x) 


"  + 


2.  Circle  of  radius  a, 

3.  Trapezoid  with  the  dimensions  shown  in  Fig.  3, 
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-  (»,  -■>.)[ 

To  show  the  difference  between  the  results  ^ven  by  the  two 
formulas,  the  author  has  chosen  a  crane  hook  as  a  familiar  example 
of  a  curved  bar.  From  a  table  of  proportions  published  recently  in 
the  American  Machinist,  the  dangerous  sections  of  a  hook  for  a  load 
of  lo  tons  has  the  following  proportions,  the  form  of  the  section 
being  the  trapezoid  ABCD,  Fig  3 : 


Short  side  bj  =  i  inch ; 
long  side  b,  =:  3>i  inches ; 
depth  h  =  4j^  inches. 
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The  distance  Cj  of  the  center  of  gravity  o  from  the  long  side  is 

found  to  be  1.843  i^»  the  area  of  the  sections  is  9  27-32  sq.  in.,  and 

the  moment  of  inertia  about  the  gravity  axis  is  14.985,  using  the 

P  Mr 

formula  :    S  =  —r-  +       »  '  i   the  intensities  of    the  stress  at   the 

A  I 

inner  fibers  along  CD  and  at  the  outer  fibers  at  AB  are  given  by 


A      '        I 


|„as  =  S-^i 


respectively.  The  line  of  action  of  the  force  P  is  at  a  distance  of 
2^  inches  from  CD,  giving  for  the  lever  arm  of  the  couple  4.343 
inches.     Substitutive  known  quantities. 

_^  ^  ^_         20.000    ,    20,000X4.343  X  1.843 

Stress  at  CD  =  -^^  + ^^^^ =  12,700 

1  Stress  at  AB  =  ?^^  -  ^0>000  X  4.343  X  2.657  ^  __  I 

[  911  14,985  J 

Apparently  the  section  is  well  proportioned,  the  tension  at  CD 
being  slightly  less  than  the  compression  at  AB. 

To  use  the  more  exact  formula,  the  radius  of  curvature  R  of  the 
center  line  of  the  hook  at  the  section  must  be  known.  In  this  hook, 
the  center  of  the  rope  lying  in  the  hook  was  taken  as  the  center  to 
describe  the  outline  of  the  hook;  hence  R  =  2.5  +  1-843  =  4-343 
approximately. 

.      2    X    4.343  i  r      ,     31—  1        ^1  7 

=     .0846 

i-  =   11.82 

Since  in  this  case,  the  line  of  action  of  P  passes  through  the 

M 
radius  of  curvature,  —     ■—  =   P,    and    the    formula    reduces    to 

M  ^  M  ^  P  ^      / 
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For  the  fiber  CD,  e  =  Cj  =  — 1-843>  and  e  +  R  =  2.5 ;  hence 

S^  11.82X20,000X1-843  .^^^^  ,      I 

For  the  fiber  AB,  e  =  e,  =  2.657,  c  +  R  =  7,  and 

tg  ^  —    11.82   X   20,000   X   2.657^  _  ^^) 
}  9H   X   V  ) 

At  the  gravity  axis  e  =  o,  and  S  =  o. 

The  stresses  in  the  section  are  shown  graphically  by  the  curve 
KF,  Fig.  3,  while  the  stresses  computed  by  the  first  method  are 
shown  by  the  straight  line  E'F'.  At  the  inner  surface  CD,  the  stress 
computed  by  the  approximate  method  is  too  small  by 


(17,700    ^   12,-^00^,3^    A 
}  17,700  ^    ^M 


This  example  is  sufficient  to  show  the  large  error  introduced 
by  the  ordinary  analysis  when  the  piece  has  a  rather  small  radius 
of  curvature.  This  error  of  course  grows  smaller  as  the  curvature 
is  less  and  may  be  neglected  when  the  radius  of  curvature  becomes 
8  or  10  times  the  depth  of  the  section. 

The  theory  that  the  curvature  influences  the  strength  of  a  bar 
is  denied  by  some  authorities,  who  assert  that  the  cross  sections  do 
not  remain  plane  as  assumed,  but  become  distorted  in  such  a  way 
as  to  reduce  the  stresses  to  those  that  would  result  in  a  straight  beam 
with  the  same  loading.  In  regard  to  this  contention,  it  is  of  course 
now  well  known  that  the  cross  sections  are  distorted  even  in  ordi- 
nary flexure  of  straight  beams,  and  that  in  this  respect  the  ordinary 
theory  of  flexure,  resting  as  it  does  upon  the  assumption  of  the  sec- 
tion remaining  plane,  is  defective.  It  is  conceded,  however,  that  the 
results  obtained  by  the  use  of  the  ordinary  formulas  for  the  flexure 
of  straight  beams  are  practically  exact,  nowithstanding  the  error  in 
the  assumptions.  Bach  has  shown,  furthermore,  that  the  distortion 
of  the  sectum  that  actually  occurs  is  quite  different  from  the  dis- 
tortion that  would  be  necessary  if  the  stresses  were  to  be  reduced 
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to  those  in  straight  bars.  While  it  may  be  true  that  the  computation 
taking  curvature  into  account  may  give  stresses  slightly  in  excess 
of  the  true  stresses,  the  error  if  any  is  on  the  safe  side ;  on  the  other 
hand,  the  easy  method  of  treating  the  curved  bar  as  an  eccentrically 
loaded  straight  bar,  gives  stresses  that  are  probably  much  smaller 
than  the  true  stresses,  and  the  error  is  surely  on  the  wrong  side. 

If  it  be  accepted  as  true  that  curvature  has  an  effect  upon  the 
strength  of  a  bar,  the  following  conclusions  seem  obvious : 

1.  In  the  design  of  machine  parts,  sharp  curvature  is  to  be 
avoided  as  far  as  possible,  especially  in  the  region  of  sections  sub- 
jected to  maximum  bending  moments. 

2.  When  a  part  is  curved,  the  maximum  stresses  should  be 
computed  by  the  exact  formula  unless  the  radius  of  curvature  is 
large  in  comparison  with  the  linear  dimensions  of  the  section. 
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REPORT  OF  THE  COMMITTEE  ON  MECHANICAL 

ENGINEERING. 


SOME  ENGINEERING  LAND  MARKS. 


BY  E.  E.  JOHNSON,  CHAIRMAN. 


It  is  the  purpose  of  this  report  to  point  briefly  to  the  engineer- 
ing landmarks  of  the  century  past,  and  to  the  development  attained 
at  the  end  of  it. 

Probably  no  invention  has  produced  results  so  profound  and  far 
reaching  as  that  of  the  steam  engine.  The  first  engines  were  for 
pumping  service,  and  were  single  acting.  Newcomen  produced 
this  machine  in  1705,  but  James  Watt  was  the  first  to  apply  the 
principles  of  expansion  and  of  the  separate  condenser  about  1765. 
Steam  of  10  or  12  pounds  pressure  was  available  and  as  a  conse- 
quence large  cylinders  were  necessary.  A  Watt  engine  erected  at 
Smethwick  for  the  Birmingham  Canal  Navigations  in  1777  was 
removed  in  1893,  having  been  in  service  120  years.  Its  cylinder 
was  32  in.  diameter  by  8.  ft.  stroke,  and  its  duty  18,000,000  foot 
pounds  per  bushel  of  coal  of  84  lb.,  or  a  duty  of  21,000,000  foot 
pounds  per  million  B.  T.  U.,  approximately.  High  duty  pumping 
engines  of  recent  design  give  upwards  of  145,000,000  duty  on  a 
B.  T.  U.  Basis.  The  engine  left  the  hands  of  Watt  in  practically  its 
present  form ;  aside  from  the  principle  of  compounding,  introduced 
by  Hornblower  1775,  has  been  changed  in  form  and  detail  only. 
Sickles  and  Corliss  in  America  introduced  radical  changes  in  the 
valve  gear. 

It  is  in  its  capacity  as  a  power  producer  that  the  steam  engine 
has  made  possible  the  enormous   strides  in  all  branches  of  the 
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mechanics  arts.  The  temples  and  monuments  of  the  ancient  civili- 
zations which  are  still  marvels  of  construction  were,  no  doubt, 
erected  by  slave  labor ;  for  power  from  some  source  must  be  at  the 
command  of  the  engineer.  The  steam  engine  has  for  more  than  a 
hundred  years  been  the  willing  slave  of  all  industries,  and  men's 
hands  are  free  to  produce  other  things  than  power. 

The  century  began  with  the  steam  engine  well  developed  and 
needing  only  the  pregnant  thought  of  practical  men  to  enlarge  its 
field.  In  1807  Robert  Fulton  made  his  memorable  voyage  in  a 
steam  propelled  boat,  the  "Clermont,"  on  the  Hudson  river.  It 
was  a  triumph  for  the  paddle  wheel  which  has  since  then  held  its 
own  on  river  navigation  throughout  the  world.  It  remained  for 
Captain  John  Ericson  and  others  to  bring  the  screw  propeller  into 
use  in  1837.  This  solved  the  problem  of  deep  water  propulsion  of 
vessels  and  paved  the  way  for  the  design  of  the  ocean  going  craft  of 
today.  In  1899  ^^^  ship  yards  of  the  world  produced  a  tonnage  of 
2,569,000  tons.  In  the  same  year  English  yards  alone  built  marine 
engines  of  1,400.000  aggregate  horse  power. 

But  not  alone  in  stationary  positions  and  for  navigation  was 
there  necessity  for  engines.  Mine  haulage  and  goods  transportation 
set  English  minds  to  thinking  and  as  early  as  1820  Stephenson  began 
to  experiment,  and  by  1830  he  had  a  short  line  of  railroad  in  opera- 
tion. In  the  United  States  the  new  idea  earlv  took  root,  and  the 
immense  territory  to  be  opened  up  and  connected  have  made  it  one 
of  the  foremost  railroad  producing  countries  of  the  world.  By  1850 
railroad  transportation  had  reached  Chicago  from  the  East.  At  the 
end  of  the  century  we  had  236,911  miles  of  railroad  employing 
35,810  engines.  Stephenson's  heavy  engines  weighed  7  tons. 
Engine  weights  of  150  tons  are  now  being  provided  for  in  railway 
bridge  designing. 

It  has  been  aptly  said  "Xo  one  improvement  in  mechanics  can 
advance  much  beyond  the  general  form  of  what  may  be  termed  the 
"industrial  progress  of  the  age''  and  we  may  rightly  expect  the 
impetus  given  by  the  advent  of  the  steam  engine  to  have  carried 
other  arts  along  with  it.    Such  indeed  was  the  case. 
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The  invention  of  the  power  loom  in  England  by  Cartwright  in 
1787  followed  by  that  of  the  cotton  gin  by  Whitney  in  1793  in  the 
United  States  laid  the  foundation  for  the  century's  advance  in  the 
manufacture  of  textiles.  The  spinning  capacity  of  United  States 
mills  in  1899  was  17,937,735  spindles. 

In  1 841  an  ingenious  Yankee, — Elias  Howe,  gave  to  the  world 
the  sewing  machine,  to  make  this  domestic  labor  less  irksome  and 
bring  into  being  the  countless  manufacturing  industries  which  to-day 
depend  upon  it.  Almost  every  article  of  clothing  from  hats  to 
shoes  pays  tribute  to  Howe  and  his  successors.  A  shoe,  for  example, 
which  was  whoUv  the  product  of  hand  skill  at  the  beginning  of  the 
century,  is  now  the  result  of  some  70  successive  individual  pro- 
cesses in  factory  production  resulting  in  immennse  profit  to  the  user. 

Electricity,  the  most  subtle  of  all  the  century's  servants,  has 
been  the  subject  of  more  careful  scientific  research  than  any 
other  branch  of  the  arts  which  embraces  mechanical  detail  in  a  con- 
siderable degree.  In  1832  Samuel  F.  B.  Morse  transferred  signals 
electrically  over  a  wire  using  a  battery  circuit,  and  from  the  simple 
instruments  with  a  speed  of  40  words  a  minute  have  grown  complex 
systems  of  transmission,  till  now  a  single  wire  can  be  made  to  carry 
4000  words  per  minute.  In  1838  Cyrus  W.  Field  conceived  the  idea 
of  uniting  continents  by  telegraphic  cables  and  after  five  years  of 
constant  efforts  saw  his  efforts  crowned  with  success.  Fortv-tvvo 
years  later  the  oceans  of  the  world  cover  150,000  miles  of  cable,  and 
a  message  girdling  the  earth  can  be  sent  by  anyone  who  will  pay  the 
toll.  The  United  States  alone  has  1,000,000  miles  of  telegraph 
lines  in  service. 

In  1876  Alexander  Graham  liell  and  Elisha  Gray  siiinil- 
taneosusly  made  the  great  stride  of  transmitting  musical  sound  and 
articulate  speech  as  Morse  did  telegraphic  signals  in  1832.  In  25 
vears  thereafter  no  town  of  anv  considerable  size  is  without  its  svs- 

«r  •  •■ 

teiii  of  telephones,  and  long  distance  telephone  lines  are  becoming 
as  extensive  as  telegraph  lines.  The  impetus  given  to  business 
interests  by  these  twin  electrical  servants  needs  only  be  suggested. 
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of  steel  making  which  was  first  put  into  operation  in  the  United 
States  in  1856.  Rails  for  railroad  work  were  first  rolled  in  the 
United  States  in  1840.  In  1857  the  "three  high"  mill  for  rolling 
was  introduced.  ) 

The  growth  in  the  production  of  iron  in  the  United  States  is 
shown  in  the  following  table : 

Date.  Gross  Tons. 

1810 53*908 

1820 20,000 

1830 165,000 

1840 286,903 

1850 .  563*755 

i860 821,223 

1870 1,665,179 

1880 3-835»'9i 

1890 9,202,703 

1899 13,620,703 

These  striking  figures  illustrate  both  commercial  progress  of 
the  nation  and  the  breadth  of  the  field  occupied  by  engineering  in 
connection  with  production  and  use  of  iron  and  steel.  The  mechani- 
cal engineer  has  been  as  often  the  product  of  the  mill  as  of  the 
school.  Both  theory  and  practice  arc  necessary  to  the  highest 
development  of  skill. 

At  no  time  has  there  been  so  much  data  worked  out  and  avail- 
able in  all  lines  for  the  use  of  engineers  and  excellent  school  train- 
ing in  the  fundamentals  of  engineering  knowledge  are  now  more 
easy  of  access  than  ever  before.  In  fact  the  growth  of  such  training 
schools  is  one  of  the  marked  features  of  the  century. 

With  a  century  behind  him  filled  with  the  commercial,  social, 
and  ethical  progress  in  whose  vast  achievements  he  has  been  a  factor 
the  engineer  faces  the  problems  of  the  present  with  the  courage  born 
of  success. 
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AND  TREASURER. 


FOR  THE  YEAR  ENDING  JANUARY  25,   I90I 
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Champaign,  Illinois. 

To  the  Illinois  Society  of  Engineers  and  Surveyors: 

Gentlemen  :     I  herewith  submit  my  report  as  Executive  Sec- 
retary and  Treasurer  for  the  year  ending  January  25,  1901 : 

RECEIPTS. 

Balance  on  hand  January  23,  1900 I  29.80 

Received  for  initiation  fees, -  121.00 

"    annual  dues,  - 317.00 

sale  of  reports, 5.00 

advertising, *  291.43 

Total, 1764.28 

DISBURSEMENTS. 

Balance  printing  14th  Annual  Report,        ....  |114.60 

Paid  on  printing  15th  Annual  Report,    -        .        .        -  275.60 

Stenographer  at  15th  Annual  Meeting,       ....  50.00 

Postage  and  express, 103.71 

Miscellaneous  expense, 86.32 

Salary  Executive  Secretary  and  Treasurer,    -        -        -  100.00 

Balance  cash  on  hand, 34.00 

Total. $764.23 

The  Society  is  out  of  debt  for  the  first  time  in  several  years. 
There  arc  now  one  hundred  and  thirteen  (113)  members  in  good 
standing,  as  compared  with  eighty-one  (81)   a  year  ago,  five  (5) 
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have  resigned  during  the  year  after  having  paid  their  dues,  and  a 
niunber  have  been  dropped  from  the  list  for  non-payment  of  dues. 

Many  of  the  articles  published  in  the  15th  Annual  Report  have 
been  printed  in  the  technical  journals;  1600  copies  of  the  15th 
Annual  Report  were  printed. 

Exchanges  were  made  with  the  following  list  of  Societies: 

( 1 )  Ohio  Society  of  Engineers. 

(2)  Assoc.  Engineering  Societies,  University  of  Illinois. 

(3)  Engineering  Society  of  University  of  Michigan. 

(4)  Civil  Engineering  Society  of  Purdue  University. 

(5)  Connecticut  Civil  Engineers  and  Surveyors. 

(6)  Iowa  Society  of  Civil  Engineers  and  Surveyors. 

(7)  Association  of  Ontario  Land  Surveyors. 

(8)  Michigan  Society  of  Engineers. 

(9)  Indiana  Society  of  Engineers. 

(10)     Engineering  Association  of  the  South. 

Copies  of  the  reports  of  these  societies  have  been  sent  to  all 
members  in  good  standing. 

Copies  of  the  15th  Annual  Report  have  been  sent  to  the  follow- 
ing libraries: 

Library  of  State  University  of  Iowa. 

Tennessee. 
Missouri. 
Illinois. 
Chicago  Public  Library. 
Library  of  Oberlin  College. 

"  Rose  Polytechnic  Institute. 

"  Massaschusetts  Institute  of  Technology. 

"  Washington  University. 

"  Rensselaer  Polytechnic  Institute. 

*'  University  of  Chicago. 

"  Armour  Institute  of  Technology. 

Illinois  State  Library. 
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Engineering  Library  of  University  of  Illinois. 
American  Society  of  Civil  Engineers. 
Congressional  Library. 
Library-  of  the  Engineering  Department  of  Michigan. 

Cornell  University. 
State  University  of  Columbus,  Ohio. 
Chicago  North  Side  Public  Library. 
Librar}'  of  the  LTniversity  of  Minnesota. 

Kansas  University. 

State  Historical  Society  of  Wisconsin. 

Western  Society  of  Engineers. 

Librarv  of  Purdue  Universitv. 

Montana  Society  of  Engineers. 

John  Crerar  Library. 

Civil  Engineers*  Club  of  Cleveland,  Ohio. 

Mr.  Gardner  T.  Swartz,  Sec.  State  Board  of  Health,  Providence. 

Engineers*  Club  of  Philadelphia. 

U.  S.  Geological  Survey. 

Respectfully  submitted, 

M.  S.  Ketchum, 

Secy,  and  Treas. 
January  25,  1901. 
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PROCEEDINGS 


OF  THE 


SEVENTEENTH  ANNUAL  MEETING 


HELD    AT 


JOLIET,  ILLINOIS,  JANUARY  22,  23,  24,  1902. 


January  22,  1902.     Afternoon  Session. 

The  Seventeenth  Annual  Meeting  was  called  to  order  at  three 
o'clock  by  the  President  in  Castle  Hall  in  the  Knights  of  Pythias 
building. 

Hon.  Richard  J,  Barr,  Mayor  of  Joliet,  made  an  address  of 
welcome.       It  was  responded  to  by  Vice-President  Emil  Rudolph. 

The  President  gave  his  address  to  the  Society. 

On  motion  by  Mr.  J.  W.  Alvord,  the  Society  instructed  the 
Executive  Board  to  take  up  the  question  of  printing  papers  to  be 
read  at  the  annual  meetings,  so  that  they  may  be  sent  out  to  mem- 
bers before  the  meetings  for  preparation  of  discussions. 

The  report  of  the  Committee  on  Sewers  was  read  by  Mr.  J.  W. 
Alvord,  Chairman  of  the  Committee.  It  was  discussed  by  the 
President  and  Mr.  J.  W.  Alvord.  The  topic  "The  Shrinkage  of 
Earth  Embankments"  was  disscussed  by  the  President  and 
Messrs.  A.  L.  Kuehn,  B.  J.  Ashley  and  J.  L.  Clark. 

A  paper  entitled,  "Water  Supply  for  Small  Cities,"  by  G.  W. 
Chandler,  was  read  by  the  author.  It  was  discussed  by  Messrs.  B. 
J.  Ashley  and  J.  W.  Alvord. 

A  paper  entitled,  "The  State  Dam  and  Tail  Race  at  Joliet, 
111  ,"  by  J.  W.  Alvord,  was  read  by  the  author. 
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A  paper  entitled,  **  Practical  Municipal  Resiirveys,"  by  W.  M. 
Hay,  was  read  by  the  author.  It  was  discussed  by  the  President 
and  Messrs.  W.  M.  Hay,  J.  L.  Clark,  B.  J.  Ashley,  J.  W.  Alvord 
and  Emil  Rudolph. 

Adjourned  until  8  o'clock  p.  m. 


January  22,  1902.     Evening  Session. 

The  report  of  the  Committee  on  Roads  and  Pavements  was 
read  by  the  Secretary. 

A  paper  entitled,  "  Paving  Practice  in  Joliet,"  by  H.  A. 
Stevens,  was  read  by  the  author.  It  was  discussed  by  Mr.  H.  A. 
Stevens. 

The  topic,  **  Cause  of  Rumbling  of  Brick  Pavements,"  was 
discussed   by   Mr.  W.  C.  Lemen. 

The  topic,  **  Natural  and  Portland  Cement  Concretes  for  Pav- 
ing Foundations,"  was  discussed  by  Messrs.  G.  W.  Graham,  H.  A. 
Stevens,  B.  J.  Ashley,  the  President  and  Prof.  Talbot. 

A  paper  entitled,  *' Wagon  Roads  and  Civilization,"  by  Ira  O. 
Baker,  was  read  by  the  Secretary. 

The  topic,**  Can  Broken  Stone  Roads  be  Built  in  the  Corn 
Belt  of  Illinois  which  will  not  be  Picked  to  Pieces  by  the  Sticky 
Mud,"  was  discussed  by  Mr.  J.  L.  Clark. 

The  topic,  **  Trench  Filling,"  was  discussed  by  the  President, 
Prof.  A.  N.  Talbot  and  Messrs.  H.  A.  Stevens  and  J.  C.  Quade. 

A  paper  entitled,  **  Concrete  and  Melan  Arches,"  by  L.  K. 
Sherman,  was  read  by  the  author.  It  was  discussed  by  Prof.  M.  S. 
Ketchum    and    the    author. 

The  topic,  *'What  is  the  Best  Method  of  Protecting  Earth 
Embankment  Slopes?"  was  discussed  by  the  President,  Prof.  A. 
N.  Talbot  and  Messrs.  A.  L.  Kuehn  and  E.  E.  R.  Tratman. 

The  topic,  '<How  Can  the  Rusting  of  Nails  and  Spikes  in  Ex- 
posed Places  be  Checked?"  was  discussed  by  Prof.  A.  N.  Talbot 
and    Messrs.  A.  L.  Kuehn,  J.  L.  Clark  and  L.  K.  Sherman. 


PkOCEE DINGS    OF    THE    JOLIET    MEETING.  II 

On  motion  of  Mr.  G.  W.  Chandler,  the  President  was  author- 
ized to  appoint  a  committee  of  three  to  report  on  nominations  for 
officers  for  the  ensuing  year. 

Adjourned  until  g  o'clock  a.  m. 


January  23,  1902.      Morning  Session. 

The  report  of  the  Executive  Committee  was  read  by  the  Sec- 
ret arv.      1 1  was  as  follows: 

7\*   the    Members   of  the   Illinois    Society    of   Engineers   and   Surveyors : 

Gbntlbmbn:  At  the  meeting  of  the  Executive  Board  it  was  decided  to 
make   the   following   recommendations   to  the  Society: 

For  the  ensuing  year  the  Secretary  shall  be  allowed  fifty  per  cent,  of  all 
receipts  for  advertising  in  the  annual  report  in  excess  of  $350  00.  The  rates  are 
to  remain  the  same  as  at  present. 

Papers  submitted  to  the  Secretary  by  members  before  the  fifteenth  of 
December  are  to  be  printed  in  synopsis  and  sent  out  to  members  so  that  they  may 
prepare  discussions. 

It  would  be  advisable  for  the  Executive  Board  to  meet  at  least  once  a  year 
in  addition  to  the  meeting  at  the  annual  convention,  in  order  to  discuss  business 
relating   to  the  Society. 

The  annual  dues  for  Members  and  Associate  Members  shall  be  four  dollars 
for  the  year  1902,  except  that  the  dues  for  Members  admitted  during  the  year 
shall    be   two   dollars. 

The  regular  salary  of  the  Executive  Secretary  and  Treasurer  shall  be  one 
hundred  and  fifty  dollars  for  the  year. 

The  Board  has  audited  the  accounts  of  the  Executive  Secretary  and  Treas- 
urer and  found  them  correct. 

The  Committke. 

The  report  of  the  Executive  Committee  was  adopted. 
The  Secretary  read  his  report  for  the  year  1901. 
The  Committee  on  Nominations  for  Officers  for  the  year  made 
the    following    report: 

7V»    the  Members    of  the    Illinois    Society   of  Engineers   nnJ  SnrTuyors: 

Gentlembn:  The  Committee  appointed  to  report  on  nominations  for  of- 
ficers for  the  coming  year  makes  the  following  recommendations'.     President.  H, 
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G.  Paddock;  Vice-President.  E.  E.  Russell  Tratman;  Trustees,  H.  A.  Stevens  and 

M.  S.  Ketchum. 

G.  W.  Chandler, 

J.  W.  Alvord, 

J.  L.  Clark, 

Committee. 

The  Members  recommended  for  office  by  the  Committee  were 
unanimously  elected. 

The  matter  of  the  place  of  the  next  meeting  was  taken  up. 
On  motion  by  Mr.  J.  C.  Quade  it  was  posponed  until  the  evening 
session. 

The  report  of  the  Committee  on  Paving  Brick  Specifications 
and  Tests  was  read  by  Prof.  A.  N.  Talbot,  Chairman  of  the  Com- 
mittee. It  was  discussed  by  Prof.  A.  N.  Talbot,  Messrs.  H.  £. 
Beasley,  J.  C.  Quade   and    the    President. 

The  Society  adopted  the  report,  discharged  the  Committee, 
and  gave  a  vote  of  thanks  to  the  Committee  and  Prof.  A.  N. 
Talbot  in  particular  for  their  efforts  in  this  matter. 

The  report  of  the  Committee  on  Surveyors'  License  Legisla- 
tion was  read  by  Mr.  S.  S.  Greeley,  Chairman  of  the  Committee. 
The  report  was  adopted  by  the  Society.  A  vote  of  thanks  was 
given  to  the  Committee  and  Mr.  Emil  Rudolph  for  their  efforts  in 
this  matter. 

A  paper  entitled,  *'One  of  the  Objections  that  Helped  to 
Defeat  the  Surveyors'  License  Bill,"  by  W.  P.  Feeney,  was  read 
by  the  author.  It  was  discussed  by  the  President,  Messrs.  W. 
P.  Feeney,  S.  S.  Greeley,  J.  C.  Quade,  J.  G.  Melluish,  F.  C. 
Rossiter,  B.  J.  Ashley,  W.  M.  Hay,  and  Profs.  A.  N.  Talbot  and 
M.  S.  Ketchum. 

Adjourned  until  8  o'clock  p.  m. 

January  23,  1901.     Excursion. 

At  1:15  p.  M.  a  special  car  was  provided  by  the  Chicago  & 
Joliet  Electric  Railroad  on  which  the  Members  of  the  Society  were 
taken   to  Lockport  to  visit  the  controlling  works  of  the  Sanitary 
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Canal.  On  returning  to  Joliet  a  visit  was  made  to  the  plant  of  the 
Economy  Light  and  Power  Co.  A  number  of  members  also  visit- 
ed the  Garbage  Crematory. 


January  23,  1901.     Evening  Session. 

A  paper  entitled,  "Steel  Frame  Mill  Buildings,"  by  M.  S. 
Ketchum   was   read. 

The  question  of  selecting  a  place  for  the  next  meeting  was 
taken  up.  Invitations  were  extended  by  the  City  of  Bloomington 
and  the  University  of  Illinois.  The  cities  of  East  St.  Louis, 
Aurora  and  Peoria  were  suggested  by  members.  On  vote  it  was 
decided  to  hold  the  next  annual  meeting  at  Aurora. 

A  paper  entitled,  "The  Purification  of  Sewage,"  by  W.  S. 
Shields,  was  read  by  Mr.  W.  G.  Potter.  It  was  discussed  by 
Messrs.  J.  W.  Alvord,  W.  C.  Lemen,  W.  G.  Potter,  and  Prof.  A. 
N.   Talbot. 

The  following  resolution  was  introduced  by  Mr.  E.  E.  R. 
Tratman  : 

Resohed,  That  io  the  opinion  of  this  Society  it  is  desirable  that  the  United 
States  Census  should  include  municipal  statistics  in  its  inquiries,  particularly 
those  relating  to  the  nature  and  extent  of  municipal  public  works. 

Resolved,  That  this  Society  is  heartily  in  favor  of  a  permanent  census  or 
other  statistical  bureau  at  Washington,  which  shall  include  in  its  staff  experts  in 
municipal  engineering,  finance,  and  allied  subjects. 

Rf solved.  That  a  copy  of  these  resolutions  be  sent  to  the  Hon.  William  R. 
Merriam,  Director  of  the  Census,  at  Washington,  and  to  our  representatives  in 
Congress. 

This  was  adopted  by  the  Society. 

Adjourned  at  9:30  p.  m.  to  make  a  visit  to  the  plant  of  the 
Illinois  Steel  Company.  The  members  were  taken  on  cars  of  the 
Joliet  Street  Railway  Company  to  the  Steel  Plant. 
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January  24,  1901.     Morning  Session. 

A  paper  entitled,  "Concrete  Structures  for  Railways,"  by  W. 
A.  Rodgers,  was  read  by  Mr.  E.  E.  R.  Tratinan.  It  was  dis- 
cussed by  Mr.  C.  H.  Nicolet. 

The  report  of  the  Committee  on  Surveying  was  read  by  Prof. 
A,  N.  Talbot. 

It  was  decided  that  the  President  appoint  a  committee  of  two 
surveyors,  who  shall  draw  up  a  suitable  letter  stating  the  impor- 
tance of  preserving  surveying  monuments.  This  is  to  be  sent  to 
County  Clerks  and  County  Surveyors  of  the  State  by  the  Secretary, 
with  the  request  that  the  Clerk  transmit  it  to  the  Board  of  Super- 
visors in  Counties  under  Township  organization  and  id  the  County 
Commissioners  in  Counties  not  under  Township  organization. 
The  President  appointed  Messrs.  C.  H.  Nicolet  and  J.  G.  Mel- 
iuish. 

The  following  resolution  was  adopted : 

ReiolveJ,  That  it  is  the  sense  of  this  Society  that  a  bill  for  the  licensing  of 

lanrl  surveyors  should   have  a  provision  stating   that  a  licensed  surveyor    shall 

not   be  permitted  to   send   a  party  into   the  field   unless  the  one  in  charge  is  a 

licensed  surveyor. 

I 

The  report  of  the  Committee  on  Railroads  was  read  by  E.  E. 
R.  Tratman,  Chairman  of  the  Committee.  It  was  discussed  by 
Messrs.  A.  L.  Kuehn,  J.  M.  McNabb  and  Prof.  A.  N.  Talbot. 

The  report  of  the  Committee  on  Exhibits  was  read  by  Mr. 
\\.  A.  Stevens,  Chairman  of  the  Committee.      It  was  as  follows: 

To  the  Mcmbt'ts  of  thf  lilinois  Sodcty  of  Engineers  iinU  Sunijors : 

Gentlbmbn:  Your  Committee  on  Kxhibits  desires  to  call  the  attention  of 
(ill  Members  of  the  Society  to  the  very  excellent  exhibit  of  engineering  instruments, 
drafting  tools,  slide  rules,  and  miscellaneous  instruments  of  interest  to  the  engi- 
neer, which  the  Keufifel  &  Esser  Company  has  brought  to  these  rooms  for  your  in- 
spection, instruments  of  the  latest  pattern,  as  well  as  novelties  and  standard 
goods,  are  here  in  profusion,  and  the  thanks  of  the'  Society  are  due  to  this  enter- 
prising firm  for  this  exhibit. 
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Circular  letters  sent  out  to  all  members,  requesting  an  exhibit  of  tlie  local 
materials  of  construction,  as  sand,  gravel,  stone,  brick,  etc  ,  from  tbe  various 
districts  represented  by  our  members,  have  met  with  a  very  indifferent  response. 
It  was  tbe  belief  of  the  Committee  that  such  an  exhibit  would  provide  an  oppor- 
tunity for  an  intelligent  comparison  of  some  of  the  common  materials  of  ordinary 
engineering  construction  as  found  within  the  different  portions  of  this  State,  and 
would  prove  instructive  and  entertaining.  Your  Committee  urges  that  a  further 
efifort  be  made  to  secure  a  full  exhibit  of  this  nature  for  our  next  annual  meeting. 

.  H.  A.  Stevens, 

Chairman. 
The  report  was  adopted  by  the  Society. 

A  paper  entitled,  "  Records  of  the  Maintenance  of  Way  De- 
partment of  the  Rio  Grande,  Sierra  Madre  \'  Pacific  Railway,"  by 
Mr.  L.  P.  Atsood,  was  read  by  Mr.  K.  E.  R.  Tratnian. 

The  following  resolution  was  presented  by  Prof.  A.  N.  Talbot: 

Risohed,  That  in  consideration  of  the  many  courtesies  extended  to  us  by  the 
officials  and  citizens  of  the  City  of  Joliet,  the  Paul  Revere  Lodge  of  the  Knights  of 
Pythias,  whose  halls  have  been  so  generously  placed  at  our  disposal,  the  Joliet  & 
Chicago  Electric  Railway,  who  furnished  us  with  transportation  to  the  various 
poinds  of  interest,  the  Joliet  ofBcials  of  the  Illinois  Steel  Company,  the  Economy 
Light  &  Power  Company,  and  the  Sanitary  District  of  Chicago,  we  hereby  ex- 
press our  sincere  thanks  and  appreciation  of  these  courtesies,  which  have  so  ma- 
terially aided  in  making  this  meeting  one  of  the  most  interesting  and  profitable  in 
the  history  of  the  Society.     Be  it  further 

Resolved,  That  we  express  our  appreciation  of  the  very  successful  efforts  of 
our  local  member,  Mr.  H.  A.  Stevens,  in  making  the  arrangements  for  this  meeting. 
and  for  the  many  excursions  which  have  been  enjoyed  so  much  by  the  members. 
The  Secretary  to  be  instructed  to  transmit  these  resolutions. 

The  resolution  was  adopted  by  the  Society. 

A  paper  entitled,  **  The  Location  and  Construction  of  an  Inter- 
urban  Electric  Railway,"  by  C.  C.  Stowell,  was  read  by  the  Secre- 
tary.    It  was  discussed  by  Mr    A.  L.  Kuehn. 

On  a  motion  by  Mr.  J.  G.  Melkiish,  the  Society  decided  to 
drop  the  question  of  the  promotion  of  state  legislation  for  the 
licensing  of  surveyors. 
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The  Executive  Board  was  instructed  to  take  up  the  question 
of  the  advisability  of  issuing  certificates  of  membership  to  mem- 
bers. 

The  officers  for  the  year  were  installed,  Mr.  H.  A.  Stevens 
presiding.  He  announced  the  election  of  A.  L.  Kuehn  as  Execu- 
tive Secretary  and  Treasurer. 

It  was  decided  that  in  case  the  Executive  Board  should  find 
it  impracticable  to. hold  the  next  meeting  at  Aurora,  they  select 
such  other  place  as  they  may  find  proper. 

Adjourned. 
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AS   AMBNDSD   AMD   ADOPTED   AT   THE   FIFTEENTH    ANNUAL    MEETING 

HELD    AT    MOLINE.    JANUARY,    IQOO. 


CONSTITUTION. 


Article  I. — Name. 

This  Association  shall  be  called  the  Illinois  Society  of  Engi- 
neers and  Surveyors. 

Article  II. — Objects. 

The  objects  of  this  Society  are  the  encouragement  of  profes- 
sional improvement  and  of  goodfellowship  among  its  members,  by 
meetings  for  the  presentation  and  discussion  of  papers  on  scientific 
and  other  kindred  topics,  and  the  discussion  of  such  other  subjects 
as  may  be  of  interest  to  its  members;  the  publication  of  such  parts 
of  its  proceedings  as  may  be  deemed  expedient;  and  the  collection 
and  preservation  of  books,  maps,  drawings,  and  other  articles  of 
value  to  the  professions  represented  in  its  membership. 

Article  III.--Memijership. 

Section  i.  Any  engineer,  architect,  surveyor  or  person 
directly  engaged  in  the  designing,  construction  or  maintenance  of 
engineering  or  public  works  is  eligible  to  membership;  and  any 
person  who  is  engaged  in  the  sale  or  manufacture  of  any  supplies 
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or   materials   used   in  engineering  construction  is  eligible  to  asso- 
ciate membership. 

Sec.  2.  Each  candidate  for  membership  or  associate  mem- 
bership shall  make  application  in  writing  to  the  Executive  Secre- 
tary on  a  printed  form  provided  therefor  by  said  Secretary.  Such 
application  shall  state  in  writing  the  name,  age,  residence,  present 
occupation  and  the  nature  and  extent  of  professional  service  of  the 
applicant;  and  must  be  endorsed  by  three  members  of  the  Society. 
The  application  shall  be  accompanied  by  a  deposit  of  Three  Dol- 
lars ($3.00)  to  be  applied  on  account  of  the  admission  fee,  if  the 
applicant  be  elected,  or  refunded  if  he  be  not  elected. 

Sec.  3.  Whenever  any  application  for  membership  shall  be 
received  by  the  Secretary,  a  copy  thereof  shall  be  submitted  to 
the  members  of  the  Executive  Board  within  one  month  from  date 
of    the  receipt  of  the  same. 

It  shall  be  the  duty  of  each  member  of  the  Executive  Board 
within  ten  (10)  days  from  the  receipt  of  any  such  application,  to 
send  his  vote  upon  the  electing  of  such  person  to  membership  to 
the  Executive  Secretary.  Provided,  that  any  applications  received 
within  two  (2)  months  immediately  preceding  any  regular  meeting 
of  the  Society  shall  be  submitted  by  the  Secretary  of  the  Executive 
Board  at  its  session  immediately  preceding  such  meeting  of  the 
Society.  Four  (4)  affirmative  votes  shall  elect  such  persoB  to 
membership. 

The  Executive  Secretary  shall  include  in  his  report  to  the 
Society  the  names  and  postoffice  addresses  of  all  persons  elected. 

Sec.  4.  Any  person  may  be  elected  an  honorary  member,  by 
a  unanimous  ballot  of  all  the  members,  not  less  than  twenty  in 
number,  present  at  any  regular  meeting  of  the  Society. 

Honorary  members  may  present  papers  and  take  part  in  all 
discussions,  and  shall  be  entitled  to  receive,  on  request  made  in 
writing  each  year,  copies  of  the  annual  report  of  the  proceedings  of 
the  Society,  but  they  need  pay  no  initiation  fees  nor  dues,  and 
shall  have  no  vote. 
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Sec.  5.  Any  three  members  may  present  to  the  Executive 
Board  charges  in  writing  affecting  the  moral  or  professional  char- 
acter of  any  member,  whereupon  the  said  Board  shall  notify  the 
member  of  such  charges,  and  shall  appoint  a  time  and  place  at 
which  the  accusers  and  the  accused  may  be  heard.  On  an  affirm- 
ative vote  of  at  least  four  members  of  the  Board,  the  charges  shall 
be  presented  to  the  Society,  as  soon  as  it  shall  be  in  session,  all 
parties  being  duly  notified  and  having  opportunity  to  be  heard. 
On  an  affirmative  vote  of  three-fourths  or  more  of  the  members 
present,  said  affirmative  vote  beinfj;  not  less  than  eighteen  in 
number,  said  member  shall  be  expelled,  and  his  name  shall  be 
struck  from  the  roll;  but  no  public  notice  of  such  proceedings 
shall   be   given. 

Sec.  6.  The  annual  assessment  shall  be  due  and  payable  in 
advance,  and  no  publications  of  the  Society  shall  be  forwarded  to 
an}'  member  till  such  annual  dues  be  paid. 

Any  member  who  shall  refuse  or  neglect  for  one  year  after  the 
annual  meeting  to  pay  any  dues  or  assessment  due  from  him,  shall 
cease  to  be  a  member,  and  his  name  shall  be  struck  from  the  roll. 
He  may  be  reinstated  on  payment  of  the  sum  so  due  and  of  all 
further  sums  which  would  have  been  due  from  him  had  he 
remained  a  member  up  to  the  time  of  such  reinstatement. 

Article  IV. —  Officers. 

Section  i.  The  officers  of  this  Society  shall  be  a  President, 
a  Vice-President,  an  Executive  Secretary-Treasurer  and  Board  of 
Trustees.  The  above  named  officers  shall  constitute  the  Executive 
Board,  of  which  the  President  shall  be  ex-officio  Chairman,  and 
the  Executive  Secretary  ex-officio  Secretary. 

Two  Trustees  shall  be  elected  annually  and  hold  office  for  two 
years. 

Sec.  2.  All  officers  except  the  Executive  Secretary-Tre.isiircr 
shall  be  elected  annually  by  ballot  by  the  members,  on  the  second 
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day  of  the  annual  meeting,  and  shall  hold  office  until  their  suc- 
cessors are  elected  and  qualified. 

The  Executive  Secretary-Treasurer  shall  be  elected  annually 
by   the   Executive    Board. 

Sec.  3.  The  President,  Vice-President,  Executive  Secretary- 
Treasurer,  shall  perform  the  duties  usually  pertaining  to  their  sev- 
eral offices.  The  Executive  Secretary-Treasurer  shall  be  the  cus- 
todian of  all  property  of  the  Society,  and  shall  deliver  all  such 
property  to  his  successor,  and  shall  make  an  annual  report.  He 
shall  record  the  proceedings  and  discussions  of  the  meetings,  and 
shall  prepare  a  copy  of  them  for  publication. 

As  Treasurer,  he  shall  give  bond  with  two  approved  sureties 
to  such  amount  as  may  be  required  from  time  to  time  by  the 
Executive  Board,  and  his  bond,  when  approved  by  said  Board, 
shall  be  copied  on  the  Journal  of  the  Society,  and  be  deposited 
with  the  President.  He  shall  pay  only  such  orders  at  have  been 
signed  by  the  President,  Executive  Secretary,  and  shall  make 
an  annual  report  of  all  receipts  and  expenditures,  and  shall  deliver 
all  the  Society's  books  and  money  in  his  possession  to  his  succes- 
sor. The  Executive  Secretary,  in  addition  to  the  duties  usually 
pertaining  to  his  office,  shall  be  ex-officio  Librarian  of  the  Society, 
and  as  such  shall  collect  and  preserve  all  books,  pamphlets,  papers 
and  documents  belonging  to  the  Society.  The  library  of  the  So- 
ciety shall  be  kept  in  some  place  central  and  convenient  to  access 
by  railroad.  He  shall  deliver  all  the  property  of  the  Society  in 
his  possession  to  his  successor. 

Sec.  4.  The  Executive  Board  shall  audit  the  accounts  of  the 
Treasurer,  and  determine  the  assessment  per  member  for  the  fol- 
lowing year,  immediately  before  each  annual  meeting,  and  make 
annually  a  report  to  the  Society.  They  shall  arrange  theprogram 
of  exercises  for  each  annual  meeting,  and  shall  have  a  general 
care  over  the  affairs  of  the  Society,  and  shall  act  for  the  Society  in 
all  general  matters  between  the  annual  meetings.  No  moneys 
shall  be  expended  without  a  vote  of  the  Executive  Board. 
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Sec.  5.  There  shall  be  appointed  at  each  annual  meeting  the 
following  standing  committees  of  three  members  each:  (a)  Com- 
mittee on  Surveying;  (^)  Committee  on  Roads  and  Pavements; 
(r)  Committee  on  Railroads;  (//)  Committee  on  Water  Works; 
(€)  Committee  on  Drainage;  (/)  Committee  on  Sewers;  {g)  Com- 
mittee on  Exhibits;  (^)  Committee  on  Press.  It  shall  be  the  duty 
of  each  committee  to  collate  facts,  figures  and  items  of  interest  in 
their  respective  departments,  and  make  at  least  one  formal  report 
to  the  Society  at  the  annual  meeting  following  their  appointment. 
The  chairman  of  each  committee  shall  solicit,  under  the  direction 
of  the  Executive  Board,  papers  for  the  annual  meeting,  and  advise 
with  said  Board  in  matters  relating  to  the  general  subject  of  the 
committee's  work. 

Article  V. — Publishing  Annual  Reports. 

The  Executive  Board  shall  compile  and  publish  the  annual 
report  of  the  transactions  of  the  Society.  They  shall  include  in 
this  report  all  items  of  general  interest  in  the  proceedings,  and 
such  other  matters  as  may  seem  to  them  advisable. 

Article  VI. — Compensation  of  Officers. 

The  Society  may  provide  for  the  compensation  of  its  officers 
for  their  services  whenever  deemed  advisable. 

Article  VII. — Amendments. 

All  propositions  for  amendments  of  this  Constitution  shall  be 
referred  to  the  Executive  Board,  who  shall  report  to  the  Society 
before  final  adjournment  of  the  annual  meeting,  and  such  amend- 
ment shall  be  declared  adopted  by  an  affirmative  vote  of  two- 
thirds  of  the  members  present,  not  less  than  fifteen  members 
voting. 
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BY-LAWS. 


Section  i.  The  annual  meetings  of  this  Society  shall  be  in 
such  place  as  shall  be  determined  by  this  Society  at  each  previous 
meeting,  and  at  such  time  in  January  as  shall  be  determined  by 
he  Executive  Board.  The  Executive  Board  shall  notify  each 
member  of  the  Society  at  least  twenty  days  before  the  annual 
meeting. 

Sec.  2.  Ten  members  shall  constitute  a  quorum  for  the 
transaction  of  business. 

Sec.  3.  The  meetings  of  this  Association  shall  be  governed 
by  "  Roberts'  Rules  of  Order." 

Sec  4.  The  order  of  business  shall  be  fixed  by  the  Executive 
Board. 

Sec  5.  A  record  of  all  donations  to  the  Society,  whether  in 
money,  books,  maps,  models,  or  other  articles  of  value,  with 
names  of  the  donors,  shall  be  entered  by  the  Executive  Secretary 
in  a  book  provided  for  that  purpose. 

Sec  6.  These  By-Laws  may  be  amended  by  a  two-thirds 
vote  of  the  members  present  at  any  annual  meeting,  not  less  than 
fifteen  members  voting. 
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PRESIDENT'S  ADDRESS. 


BY    H.    G.    PADDOCK. 


We  are  once  more  assembled  for  the  laudable  purpose  of 
promoting  the  best  interests,  growth,  and  advancement  of  our 
profession,  and  I  extend  greeting  to  you  with  the  sincere  hope  that 
you  will  find  this  meeting  both  interesting  and  instructive.  That 
it  will  be  so,  I  feel  quite  certain  after  looking  over  the  program  as 
prepared  by  the  Secretary. 

It  is  necessary,  only,  to  look  at  the  first  topic  to  find  a  matter 
of  vast  importance  to  all  of  us.  The  question  of  a  deep  waterway 
from  Chicago  to  New  Orleans  is  a  subject,  not  only  of  great  inter- 
est to  the  Engineer,  but  a  matter  that  is  of  consequence  to  the 
whole  Mississippi  Valley;  in  fact,  it  is  of  consequence  to  almost 
the  entire  United  States.  The  time  is  not  far  distant  when  the  in- 
creased density  of  population  will  make  it  necessary  to  follow  in 
the  footsteps  of  the  older  European  nations.  It  will  be  a  com- 
aiercial  necessity,  not  only  to  connect  the  Mississippi  with  the 
Great  Lakes  by  a  waterway  that  will  be  navigable  for  all  sizes  of 
crafty  but  to  so  improve  the  channel  of  the  Mississippi  and  other 
rivers  by  a  system  of  canals  or  otherwise  until  all  are  in  as  near 
perfect  a  condition  for  navigation  as  is  possible.  The  building  of 
canals  will  become  a  necessity,  as  far  as  practicable,  in  all  com- 
mercial lines.  The  Hennepin  Canal  is  an  example  of  this.  Al- 
though certain  interests  succeeded  in  fixing  such  dimensions  for  it 
that  it  will  only  accommodate  very  small  boats,  its  construction  will 
solve  the  engineering  problems  and  demonstrate  how  much  greater 
advantage  it  would  be  to  the  country  if  it  was  large  enough  to 
carry  any  sized  vessel,  particularly  if  the  deep  waterway  should  be 
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constructed  from  Chicago  to  New  Orleans  via  the  Ilhnois  river. 
The  engineering  problems  having  been  solved,  the  Engineer  will 
be  enabled  to  make  an  estimate  of  the  expense  of  enlarging  the 
Hennepin  Canal  to  a  ship  canal  with  such  accuracy  that  Congress 
will  feel  assured  that  it  will  not  be  called  upon  to  make  an  addi- 
tional appropriation  to  finish  the  work ;  thereby  simplifying  the 
labor  of  the  friends  of  the  measure  in  securing  the  appropriation. 

The  presentation  of  the  subject,  "Water  Supply  for  Small 
Cities,"  cannot  fail  to  excite  great  interest;  for  perhaps  no  present 
day  problem  has  any  more  vital  importance  and  deserves  more 
well-directed  attention  than  this.  Although  Illinois  is  one  of  the 
well-watered  states,  there  are  very  few  of  the  cities  that  have 
solved  the  problem  both  as  to  quality  and  quantity  of  their  water 
supply.  In  this  connection  in  many  of  the  cities  the  question  of 
the  purification  of  sewage  must  be  faced.  In  some  cities  this  is  a 
matter  independent  of  the  water  supply,  but  still  none  the  less 
difficult  to  solve.  The  time  will  surely  come  when  the  cities  along 
the  large  waterways  will  be  forced  to  purify  their  sewage  before 
discharging  it. 

The  subject  of  good  roads  has  been  for  many  years  one  in 
which  most  of  the  members  of  our  profession  were  interested,  either 
directly  or  indirectly;  and  it  will  continue  to  be  so  for  some  time. 
Good  roads  in  the  country  are  just  as  necessar}'  to  the  best  devel- 
opment of  the  farming  lands  as  good  streets  to  the  needs  and  in- 
dustries of  the  city.  In  both,  expenditure  of  money  for  improve- 
ments is  a  profitable  investment  when  it  is  not  so  much  as  to  be  a 
burden  to  property  owners  and  taxpayers. 

In  most  cities  the  surface  of  the  first  streets  was  the  original 
ground  surface.  As  soon  as  there  was  any  considerable  travel, 
the  low  places  were  impassable,  except  while  the  ground  was 
frozen  or  during  very  dry  times.  In  a  short  time  public  sentiment 
demanded  that  something  be  done  to  improve  the  streets.  Then 
it  was  decided  by  the  authorities  to  raise  the  low  portions  of  the 
streets  out  of  the  water  by  scraping  up  earth  in  these  low  portions, 
making  a  pike  with  a  depression  on  each  side  in  which  water  stood 
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the  greater  part  of  the  summer.  This  pike  was  cut  by  deep  ruts 
by  the  travel  in  wet  seasons.  The  next  step  was  to  put  rock  or 
other  hard  material  on  the  pike,  making  an  effort  quite  often  to 
remove  the  water  at  the  sides  by  digging  open  ditches  and  some- 
times by  underdrainage.  At  times,  in  some  of  the  more  progres- 
sive cities  which  were  fortunate  enough  to  have  the  materials  at 
hand,  macadam  or  gravel  was  put  on  in  a  fairly  workmanlike 
manner  with  comparatively  good  drainage.  Experience  demon- 
strated that  the  cost  of  keeping  in  repair  any  considerable  amount 
of  macadam  or  graveled  streets  soon  reached  the  point  where  the 
total  revenue  available  for  street  improvements  was  consumed  in 
repairs,  leaving  nothing  for  extensions.  This  led  the  progressive 
city  to  make  investigations  with  a  view  of  adopting  some  material 
which  did  not  require  such  expensive  repairs,  and  at  the  same 
time  not  have  too  high  a  cost.  Such  investigation  resulted  in  the 
adoption  of  brick  in  most  localities  within  a  reasonable  distance  of 
a  factory.  Special  assessment  laws  enabled  the  cities  to  pave  with 
brick  their  principal  thoroughfares  and  side  streets  in  the  more 
thickly  settled  portions.  The  success  of  the  brick  for  pavement 
forced  a  reduction  of  the  price  of  asphalt  so  that  at  the  present 
time,  in  most  localities,  those  preferring  asphalt  can  obtain  it  at  a 
price  only  slightly  higher  than  brick. 

The  history  of  the  improvement  of  the  country  road  has 
already  practically  followed  the  city  street  up  to  and  a  little  into 
the  macadam  and  gravel  stage.  Owing  to  the  much  greater  front- 
age for  each  owner  in  the  countr}*,  the  present  cost  of  a  brick 
roadway  seems  to  be  practically  prohibitory  in  almost  every  local- 
ity. Therefore,  it  would  seem  that  the  price  of  brick  must  either 
materially  decline  or  Yankee  ingenuity  discover  some  other  suit- 
able but  cheaper  material  before  the  country  roads  can  be  put  in  a 
condition  equal  to  the  city  streets. 

The  laws  of  the  State  of  Illinois  provide  that  a  township  may 
vote  to  levy  a  tax  for  road  improvements  of  not  to  exceed  one  dol- 
lar on  each  hundred  dollars,  for  a  number  of  years,  not  exceeding 
five,  if  petitioned  to  do  so;  provided,  that  the  petition  must  state 


26  Illinois  Society  of  Engineers  and  Surveyors. 

the  location  of  the  road,  or  roads,  not  to  exceed  two.  It  would 
seem  that  an  affirmative  vote  would  be  hard  to  get,  and  that  there 
should  be  a  provision  in  the  law  that  some  portion  of  the  cost  of 
the  improvements  (say  one-half)  must  be  paid  by  special  assess- 
ment on  the  property  benefited.  If  the  petition  for  the  road  were 
to  be  signed  by  the  owners  of  one-half  of  the  frontage  along  the 
proposed  road,  public-spirited  men  would  be  enabled  to  make  a 
start  in  the  township.  This  would  go  far  toward  removing  the 
objection  that  a  voter  might  have  against  voting  for  the  tax  under 
the  present  law.  A  voter  who  does  not  live  along  the  line  of  the 
proposed  road  naturally  thinks  that  it  would  be  more  just  for  the 
owner  of  the  land  along  the  road  to  pay  a  greater  share  than  he. 
In  the  meantime  the  Engineer  must  use  his  influence  to  get  the 
best  results  obtainable  under  the  present  conditions.  However, 
he  must  not  be  disappointed  if  he  fails  to  accomplish  within  a 
short  time  any  radical  improvements  in  the  construction  of  roads, 
as  nothing  which  the  Engineer  is  called  upon  to  do  requires  more 
diplomatic  skill  than  is  necessary  to  convince  the  average  man  in 
authority  that  his  methods  are  wrong. 

The  report  of  the  Committee  on  Surveyois'  License  Legisla- 
tion will  give  some  of  the  reasons  why  such  a  bill  failed  to  pass. 
Nothing  was  developed  in  the  efforts  to  have  a  bill  passed,  how- 
ever, to  indicate  that  this  Society  was  not  in  the  right  when  it 
favored  the  passage  of  a  surveyors'  license  bill.  The  active  advo- 
cates of  the  measure,  whatever  they  may  have  thought  when  they 
first  undertook  the  matter,  became  fully  convinced  that  the  time  is 
not  far  distant  when  a  bill  will  be  introduced  in  the  Legislature  de- 
vising some  form  of  a  surveyors'  license  law  that  will  be  acceptable 
to  a  majority  of  the  Legislature  and  much  better  for  the  people 
than  the  present  county  and  irresponsible  surveyors. 

In  conclusion,  I  would  like  to  make  a  recommendation  on  the 
subject  of  printing  our  papers  in  advance  of  the  meeting.  Mem- 
bers wishing  to  discuss  a  paper  read  before  this  Society  have  no 
knowledge  of  the  details  of  the  writer's  treatment  of  the  subject. 
It  has  occurred  to  several  of  our  members  that,  if  the  various  pa- 


President's  Address.  27 

pers  to  be  read  could  be  printed  and  copies  put  into  the  hands  of 
each  member  before  the  meeting,  it  would  enable  those  who 
wished  to  take  part  in  the  discussion  to  be  better  prepared.  There- 
fore I  would  recommend  that  the  propriety  of  having  the  papers 
printed  in  time  to  send  each  member  a  copy  before  the  meeting, 
be  referred  to  the  Executive  Board  with  a  request  that  they  inves- 
tigate the  feasibility  of  the  matter,  and,  if  possible,  report  during 
this  meeting. 
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CONCRETE  STRUCTURES   FOR   RAILWAYS. 


BY    W.  A.    ROGERS.* 


In  this  paper  the  author  will  attempt  to  give  briefly  a  state- 
ment regarding  the  classes  of  structures  being  built  of  concrete  on 
the  different  railways  in  the  central  and  western  portion  of  the 
United  States,  a  short  statement  of  the  general  practice  as  to  the 
proportions  and  qualities  of  materials  used,  and  a  few  of  the 
reasons  which  have  led  to  the  increasing  use  of  this  form  of 
masonry.  During  the  past  few  years  the  use  of  concrete  in  the 
construction  of  the  various  railway  structures  has  increased  materi- 
ally. 

Vast  sums  have  been  spent  and  are  being  spent  in  theim- 
provement  of  railway  properties.  One  form  ^f  this  improvement 
has  been  a  substitution  of  masonry  structures  for  temporary  wooden 
bridges  and  culverts.  On  account  of  the  increased  weight  of 
rolling  stocky  the  rebuilding  of  many  bridges  has  been  made 
necessary.  The  idea  that  iron  and  steel  bridges  are  permanent 
has  been  proved  a  misconception,  and  some  of  the  more  important 
railway  lines  are  said  to  be  adopting  the  policy  of  constructing 
masonry  arches  in  place  of  steel  girder  spans  where  the  location  is 
suitable.  Concrete  has  been  largely  used  in  each  of  the  foregoing 
cases.  The  growing  scarcity  of  timber  has  had  the  effect  of 
increasing  the  use  of  concrete  masonry,  especially  where  economy 
is  an  object.  These  reasons,  and  the  growing  confidence  brought 
about  by  its  successful  use,  have  led  to  its  largely  increased 
adoption  daring  recent  years. 


'Vice-President,  Bates  Sc  Rog-ers  Construction  Co.,  Manhattan  Bldg.,  Chicagc,  111. 
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As  intimated,  the  use  of  concrete  for  the  ordinary  pier  and 
abutment  is  becoming  very  common.     The  author  knows  of  piers 
and  abutments  up  to  40  feet  in  height,  built   entirely  of   Portland 
cement    concrete,   which     are    giving   very    satisfactory    service. 
He  knows  of  concrete  piers  and  abutments  used   to  support  high 
trestles  and  long  spans,  in  streams  where  there  is  much  ice.      In 
fact,  cement  concrete  is  used  in  all  ordinary  railway  bridge  work  where 
stone  masonry  was  the  practice  in  the  past.     Concrete  is  an  ideal 
form    of  masonry  for  arch   construction,  and  railroads   are   using 
it  more  and  more  for  work  of  this  character.      It  is  especially  good 
for  the   construction  of  skew  arches,  as  it  avoids  the  necessity  of 
difficult  work  in  cutting  arch  stones.       Concrete  arches  of  from  4 
or    5    feet    to    spans   of  100  feet  are   being  built.      In  the   larger 
spans  steel    in  some  form   is   ordinarily   used  to   reinforce.     The 
company  with  which   the  writer  is   connected  has  recently  com- 
pleted a  concrete   arch  bridge  composed  of  8  spans  ranging  from 
88  feet  to  122  feet.     This  is,  however,  a  city  bridge,  but  it  serves  to 
illustrate  the  possibilities  of  this  form   of  material.       One    of    the 
western  railroads  has  now  in  process  of  construction,  the  writer  is 
informed,  a  number  of  arches  of  spans  from  40  feet  to  140  feet. 

Rail  and  I-beam  top  culverts  built  of  concrete  are  a  common 
form  of  construction  on  a  number  of  railroads  in  this  vicinity,  and 
this  is  a  very  desirable  and  economical  form  of  culvert.  The  rails 
and  I  beams  are  ordinarily  partially  or  entirely  surrounded  by 
concrete.  The  concrete  circular  or  barrel-shaped  culvert  is  used 
to  a  limited  extent. 

Many  retaining  walls  have  been  and  are  being  built  of  this 
form  of  masonry.  Concrete  is  also  used  for  cinder  pit  walls,  turn- 
table pit  walls,  sewers,  all  classes  of  buildings  and  bridge  found- 
ations, bumping  posts,  and  freighthouse  floors  where  there  is  a 
large  amount  of  trucking.  Recently  it  has  been  used  for  the  entire 
walls  of  depot  and  shop  buildings.  Late  issues  of  engineering 
papers  describe  the  Northern  Pacific  Railroad  depot  at  Fargo, 
North  Dakota,  and  the  shop  buildings  of  the  Central   Railway  of 
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New  Jersey,  which  are  built  of  concrete.      In  the  author's  opinioD 
this  last  mentioDed  is  capable  of  considerable  development. 

The  materials  used  in  the  manufacture  of  concrete  structures 
previously  mentioned  are  those  in  ordinary  use,  viz :  Natural  and 
Portland  cement,  sand,  and  broken  stone.  The  use  of  Natural 
cement  is  largely  confined  to  concrete  placed  in  foundations  below 
the  surface  of  the  ground.  It  has  been  successfully  used  in  times 
past  above  the  surface,  but  there  are  enough  instances  of  Natural 
cement  concrete  damaged  by  the  action  of  the  frost  to  make  it 
unwise  to  use  it  in  situations  where  it  is  exposed  to  frost.  The 
difference  in  cost  between  the  two  classes  of  concrete  is  so  slight 
with  the  present  prices  of  cement  that  it  is  not  worth  the  risk. 
The  proportions  ordinarily  used  for  Natural  cement  concrete 
range  from  i  part  of  Natural  cement  to  i^  parts  of  sand  to  4 
parts  of  broken  stone,  to  i  part  of  cement  to  2  parts  of  sand  to  5 
parts  of  broken  stone. 

Portland  cement  concrete  is  used  for  all  classes  of  structures. 
The  manufacture  of  Portland  cement  has  increased  largely  during 
the  past  few  years,  and  it  is  now  possible  to  get  very  good  cement 
in  the  middle  West.  Ten  years  ago  it  was  customary  to  specify 
imported  Portland  cement  for  important  work;  a  little  later 
cements  from  one  or  two  well-defined  districts  in  the  East  were 
used.  The  increased  demand  in  the  West  has  so  stimulated  the 
cement  industry  that  it  is  now  possible  to  get  good  Portland 
cement  with  a  shorter  haul.  This,  with  improved  methods  of 
manufacturing,  has  had  the  effect  of  cheapening  the  cost  to  the 
consumer  of  this  important  material,  resulting  in  increased  use  of 
concrete.  The  proportions  ordinarily  used  in  railroad  Portland 
cement  concrete  work  range  from  i  part  cement  to  2  parts  sand  to 
4  parts  broken  stone,  to  i  part  cement  to  4  parts  sand  to  g}i  parts 
broken  stone,  depending  upon  the  character  of  the  structure. 

Sand  is  ordinarily  specified  and  the  material  found  on  the  line 
of  the  road  is  taken.  Clean,  sharp,  and  coarse  are  the  qualities 
commonly  called  for.  As  to  the  first  quality,  the  term  as  used  is 
relative,  and  the  strictness  with  which  the  term  is  used  is  varied  on 
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the  different  lines.  There  seems  to  be  a  tendency  where  other 
qualities  are  good  to  use  a  sand  or  gravel  that  is  not,  strictly  speak- 
ing, clean.  In  the  opinion  of  the  author  this  is  justified  by  results, 
not  only  of  laboratory  tests,  but  by  experience  with  actual  work. 
Experiments  seem  to  show  that  sand  containing  a  moderate 
amount  of  clay  or  loam  makes  good  concrete.  Coarse  sand  is 
ordinarily  specified,  yet  there  is  a  tendency  to  accept  the  best  that 
can  be  had  along  the  line  of  the  road  in  question.  It  is  more  or 
less  a  question  of  strength.  A  very  fine  sand  will  not  produce 
concrete  which  is  as  strong  as  that  made  with  coarse,  sharp  sand. 
Screenings  from  hard,  crushed  limestone  are  used  by  certain  rail- 
roads in  place  of  sand  with  very  good  success. 

The  substitution  of  gravel  in  the  place  of  sand  is  quite  cus- 
tomary, the  relative  proportion  of  sand  and  stones  in  the  gravel 
being  determined  and  enough  broken  stone  added  to  make  the 
required  proportion  of  materials.  Crusher-run  broken  stone  is 
becoming  common  practice  where  the  finer  portions  are  hard  and 
sharp.  Where  the  stone  is  not  hard  enough  to  use  crusher-run, 
the  finer  portion  is  ordinarily  screened  out.  The  maximum  size 
specified  is  a  inches  to  2^  inches.  Cinders  and  slag  are  some- 
times used,  and  one  of  the  Western  roads  where  stone  is  scarce 
has  reported  using  burnt  gumbo  in  place  of  broken  stone. 

The  practice  in  the  manufacture  of  concrete  for  railway 
structures  is  tending  toward  the  wet  mixture.  In  the  ordinary 
abutment  and  pier  work  the  practice  is  working  toward  concrete 
without  a  special  mortar  facing,  the  smooth  surface  being  obtained 
by  spading,  or  some  other  satisfactory  operation.  Stone  bearings 
for  spans  of  ordinary  length  on  concrete  abutments  and  piers  are 
being  abandoned  by  many.  In  some  instances  a  stronger  concrete 
is  made  for  the  bearing,  but  in  many  cases  no  distinction  whatever 
is  made  in  proportion  of  materials  for  the  tops  of  piers  and  abut- 
ments. 

In  this  connection  the  author  would  like  to  emphasize  the  ne- 
cessity of  careful  workmanship  in  the  manufacture  of  concrete. 
The  proportions  of   materials,    especially  the  cement  and  sand. 
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should  be  carefully  measured,  and  as  much  stone  added  as  the 
mortar  will  properly  cover.  Careful  mixing  of  the  materials 
should  be  the  rule.  It  is  poor  economy  to  save  on  labor  of  mix- 
ing. The  idea  that  concrete  is  a  cheap  form  of  masonry  is  so  gen- 
eral that  we  are  apt  to  want  to  still  further  cheapen  it,  and  the 
temptation  is  to  cut  down  on  the  labor  item  by  slighting  the  mix- 
ing. This  policy  when  followed  is  suicidal.  All  of  our  care  in 
selection  of  first-class  materials  is  wasted  if  we  slight  this  feature. 
The  author  believes  that  much  harm  is  apt  to  result  to  the  cause 
of  concrete  because  of  the  want  of  care  exercised  in  its  manufact- 
ure. The  idea  has  become  too  prevalent  that  anyone  who  can 
push  men  can  mix  and  place  this  form  of  masonry.  The  concrete 
foreman  should  be  an  expert.  While  looks  do  not  necessarily  add 
to  the  durability  or  usefulness  of  a  structure,  the  writer  believes 
that  engineers  should  be  willing  to  pay  enough  for  their  work  to 
permit  of  making  a  nice-looking  job  in  keeping  with  the  purpose 
to  which  the  structure  is  to  be  put. 

Let  us  lastly  consider  some  of  the  reasons  which  have  led  to 
the  increasing  use  of  concrete  by  the  railroads.  The  fact  that  it 
can  be  built  with  unskilled  labor,  under  a  competent  foreman,  is 
an  important  advantage,  as  is  also  the  ease  with  which  suitable 
materials  may  be  obtained  and  the  readiness  with  which  it  may  be 
moulded  in  different  forms.  In  the  present  condition  of  the  steel 
market,  when  it  takes  from  eight  months  to  a  year  to  get  delivery 
of  steel  bridges,  concrete  arches  of  long  span  are  being  planned 
and  built  in  places  which  would  ordinarily  be  crossed  on  steel 
girders,  because  they  can  be  completed  long  before  steel  could  be 
furnished.  Concrete  construction  is  ordinarily  cheaper  than 
stone,  and  with  the  present  price  of  materials  it  will  be  found  that 
frequently  concrete  arches  may  be  built  for  less  money  than  steel 
on  masonry  abutments.  Properly  made,  concrete  is  durable. 
Concrete  is  susceptible  of  such  treatment  as  to  present  a  pleasing 
appearance,  adapting  it  to  various  forms  of  building  work.  In 
bridge  work  it  can  be  built  with  less  interference  with  traffic  than 
stone  masonry.  The  writer  believes  that  there  is  a  rapidly  grow- 
ing sentiment  in  favor  of  concrete  structures  that  is  well  merited. 
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DISCUSSION. 

Mr.  C.  H.  Nicolet:  One  item  which  \vas  not  touched  upon  in 
the  paper,  and  which  seems  to  the  speaker  to  be  a  very  essential 
thing  in  the  manufacture  of  good  concrete,  is  the  tamping.  The 
company  with  which  the  speaker  is  connected  put  in  some  three 
thousand  yards  of  concrete  in  the  last  four  of  Eve  years,  and  it  was 
largely  under  his  care.  At  first  tamps  were  made  that  weighed  about 
thirty  pounds,  and  these  were  used  with  fair  success;  but  later  tamps 
weighing  fifty  pounds  were  used,  producing  much  better  results. 
The  speaker  first  thought  that  all  that  was  necessary  was  to 
agitate  the  material  in  order  to  work  the  mortar  into  the  voids, 
but  after  considerable  experience  he  finds  that  thorough  tamping 
is  absolutely  necessary.  If  a  light  tamp  is  used  the  workman 
goes  over  the  work  in  a  half-hearted  way;  he  must  lift  the  heavy 
tamp,  and  merely  dropping  it  produces  a  much  better  result.  The 
concrete  on  this  work  was  laid  in  six  to  nine  inch  layers,  producing 
very  good  results. 

Another  important  point  is  in  regard  to  the  use  of  screenings 
in  place  of  sand.  The  speaker  made  some  experiments  to  deter- 
mine the  relative  values  of  screenings  and  sand.  Briquettes  made 
up  with  sand  gave  a  strength  of  about  five  hundred  pounds,  while 
those  made  up  with  screenings  gave  about  eight  hundred  pounds. 
The  proportions  used  were  one  part  of  sand  or  screenings  to  one 
part  of  cement.  Almost  invariably  briquettes  made  up  with  screen- 
ings gave  a  strength  equal  to  or  greater  than  those  made  of  neat 
cement.  This  result  seems  strange.  The  number  of  experiments 
does  not  warrant  the  statement  that  briquettes  made  up  with 
screenings  will  always  give  a  strength  greater  than  those  made 
of  neat  cement,  yet  it  is  safe  to  say  that  they  will  very  nearly 
give  an  equal  strength. 

No  facing  was  done  on  any  of  the  work,  the  face  being  ob- 
tained by  simply  leaving  out  some  of  the  coarse  stone.  The  pro- 
portion used  on  some  of  the  most  important  work  was  one  wheel- 
barrow of  screenings,   five  of  material  that  would  pass  through  a 
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half-inch  mesh,  and  five  of  material  that  would  pass  through  a 
two  and  a  half  inch  ring,  together  with  two  sacks  of  cement.  It 
was  found  that  a  wheelbarrow  heaped  in  a  certain  way  contained 
two  cubic  feet,  so  that  the  proportion  was  about  one,  five,  five, 
five;  however,  since  the  screenings  and  the  stone  when  mixed 
were  reduced  in  volume  about  twenty  per  cent,  the  ultimate  pro- 
portion was  about  one,  four  and  a  half,  nine.  When  there  was  to 
be  a  face,  about  one  barrel  of  the  coarse  stone  was  left  ofi,  and 
with  proper  tamping  the  voids  were  so  nearly  filled  that  the  face 
was  quite  smooth.  About  one  and  a  half  to  one  and  three  quarters 
cubic  yards  of  concrete  were  obtained  for  each  barrel  of  cement. 
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CONCRETE  AND  MELAN  ARCHES. 


BY    L.    K.   SHERMAN. 


COMPUTATION. 

The  methods  iD  common  practice  for  the  design  and  computa- 
tion of  stresses  in  voussoir  arches  are  recognized  as  unsatisfactory. 
These  methods  are  still  more  unsatisfactory  when  applied  to  con- 
crete and  Melan  arches. 

The  main  trouble  arises  from  the  attempt  to  compute  the 
stresses  in  an  arch  by  means  of  the  principles  of  statics,  when  an 
arch  is  a  statically  indeterminate  structure.  The  one  exception 
is  the  three-hinged  arch.  In  this  paper  will  be  considered  only 
arches    without    hinges. 

The  common  process  for  computing  arches  is  briefly  as 
follows:  Firsts  Compute  the  horizontal  thrust  at  the  crown 
necessary  to  balance  the  moment  of  the  outer  forces  about  the 
abutment  or  about  a  joint  of  rupture  considered  as  a  hinge. 
Second^  ^PP^y  ^^^  horizontal  thrust  at  the  crown  at  some  point 
within  the  middle  third  of  the  arch  ring  and  draw  a  line  of 
resistance,  revising  the  section  if  necessary  so  that  the  line  of 
resistance  will  keep  within  the  middle  third  of  the  arch.  In  this 
process  the  real  point  of  application  of  the  crown  thrust  is 
unknown  and  has  to  be  assumed.*  The  crown  thrust  is  horizontal 
only  when  the  loading  is  symmetrical  each  side  of  the  center. 
When  the  loading  is  not  symmetrical  the  direction  of  the  crown 
thrust  is  unknown,  and  the  common  method  is  mere  guess  work. 


*Prof.  Swain  has  pretented  an  article  in  Van  NoBtrand^s  Matfazine  on  Dr.  Winkler^a 
theorem,^ The  true  Une  of  resistance  is  the  one  lying  nearest  the  center  of  the   arch 


ring." 
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The  joint  of  rupture  is  considered  as  hinged  when,  as  a  matter  of 
fact,  in  concrete  and  Melan  arches  it  is  not  hinged  but  has  a 
bending  moment  that  replaces  considerable  of  the  otherwise 
necessary  crown  thrust.  In  Melan  arches  the  de^d  load  may  not 
be  small  in  comparison  to  the  live  load.  Arches  tested  to  de- 
struction failed  not  when  loaded  uniformly  but  when  the  load 
was  applied  to  half  the  span.  Therefore  it  is  proper  to  consider 
unsymmetrical  loading,  and  it  is  essential  to  do  so  in  the  case  of 
Melan  arches,  or  light  arches  with  little  spandrel  filling. 

Having  criticised  the  common  method  of  computing,  we  will 
consider  another  method. 

The  **  Elastic  Theory  "  for  the  calculation  of  arches  was  first 
presented  to  general  notice  by  Weyrauch,  in  1879.  This  method 
is  based  on  the  well-known  law  that  **  the  stress  is  proportional  to 
the  strain  for  homogeneous  materials  within  the  working  limits  of 
stress."  The  most  valuable  investigations  that  have  been  made 
on  arches  are  a  series  of  tests  made  by  the  Austrian  Society  of 
Engineers  and  Architects.  Numerous  abstracts  of  these  tests 
have  been  published.*  We  will  give  here  only  an  outline  of  the 
results.  Tests  were  made  on  five  arches,  all  of  which  had  a  span 
of  75  4  feet  and  a  clear  rise  of  15.  i  feet.     They  areas  follows: 

THICKNESS.  ULTIMATE  LOAD. 

MATERIAL.  Crown.     Skcw-backs.  Pounds  per  sq.  ft.  Over  half -span. 

1.  Rough  Quarry  Stone. 23.6  in.         43.3  in.  660 

2.  Brick 23.6  in.         43.6  in.  602 

3.  Concrete 27.6  in.         27.6  in.  742 

4.  Melan 13.8  in.         23.6  in.  1.300 

5.  Steel 1 1 564 

The  very  important  conclusion  drawn  from  these  experiments 
by  the  Austrian  Society  was  that  masonry  arches  behaved  very 
nearly  as  elastic  arches  fixed  at  the  ends.  Also,  that  all  large 
arches  should  be  designed  according  to  the  Elastic  Theory. 


♦  See  *'  A  Treatise  on  Arches/*  byM.  A.  Howe,  1897;  also  Engineering  Nnvs^  November 
21,  1895,  and  April  9, 1896. 
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Prof.  Baker,  in  his  ''Treatise  on  Masonry  Construction,"  has 
stated  several  objections  to  the  application  of  the  "Theory  of 
Elasticity "  to  arches.  These  objections  will  not  apply  to  con- 
crete arches.  The  objection  that  the  loading  cannot  be  deter- 
mined exactly,  which  Prof.  Baker  makes,  applies  equally  to  all 
other  theories  of  the  arch.  In  fact,  this  applies  more  or  less  to 
the  designing  of  all  structures. 

Probably  the  real  drawback  to  the  use  of  the  **  Method  of 
Elasticity  '*  has  been  the  somewhat  formidable  array  of  mathemat- 
ical formulae.  Nevertheless,  a  long  way  is  better  than  a  wrong 
way,  and  to  make  calculations  is  partly  what  engineers  are  for. 

However,  it  is  not  necessary  to  wade  through  the  calculus  to 
use  the  formulae.  The  **  Method  of  Elasticity"  has  been  proven 
correct  by  experiment,  which  is  the  most  satisfactory  proof  pos- 
sible. 

•  The  best  work  on  the  computation  of  arches  that  the  writer 
knows  of  is  "A  Treatise  on  Arches,"  by  Prof.  M.  A.  Howe.  The 
formulae  which"  Prof.  Howe  presents  are  based  on  the  Elastic 
Theory,  and  are  in  such  shape  as  to  be  readily  applied  in  practice. 
Numerous  tables  assist  in  the  labor  of  performing  the  reductions 
for  any  case.  The  accompanying  diagrams  were  platted  with 
points  computed  from  Prof.  Howe's  formulae: 
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Figure  i  is  a  diagram  of  horizontal  thrust  for  three  arches 
which  were  computed  by  the  author  by  the  *♦  Method  of  Elas- 
ticit\'. "  The  rise  is  one-fourth  of  the  span,  loads  are  vertical,  and 
axial  stress  neglected.  The  elliptical  arch  has  a  thickness  at  the 
abutment  equal  to  1.22  times  the  depth  of  the  arch  ring  at  the 
crown;  the  circular  arch  has  a  uniform  thickness;  the  parabola  at 
springing  is  1.12  times  the  thickness  at  the  crown.  These  curves 
are  the  centers  of  the  arch  rings.  The  diagram  can  be  used  to 
find  the  horizontal  thrust  for  any  sort  of  loading.  For  example, 
let  it  be  required  to  find  the  horizontal  thrust  for  a  single  load 
placed  at  a  distance  of  three-tenths  of  the  span,  arch  circular,  rise 
one-fourth  span.  The  result  is  read  off  of  diagram  (Fig.  i )  directly. 
The  thrust  is  0.75  times  the  load.  The  total  thrust  for  a  uniform 
load  is  twice  the  area  includud  btitween  tile  curve  and  the  line  for 
the  middle  of  the  span.  The  thrusts  shown  by  these  curves  are 
for  any  span  of  arch  of  its  type  when  the  rise  is  one-fourth  of  the 
span. 

The  horizontal  thrusts  for  the  paral)ola  of  the  type  illustrated 
(moment  of  inertia  of  arch  section  times  the  cosine  of  central 
angle  is  constant)  are  inversely  proportional  to  the  rise.  A  com- 
parison with  the  diagram  of  thrusts  for  arches  wh^re  the  rise  is 
one-half  the  span  (Fig.  2)  illustrates  this.  Hence  the  curve  of 
thrusts  in  Fig.  i  can  be  used  for  a  parabolic  arch  of  any  span  when 
the  cosine  of  the  central  angle  is  a  constant. 

The  horizontal  thrusts  for  the  circle  are  not  exactly  propor- 
tional to  the  rise.  For  all  practical  purposes  an  interpolation 
between  the  curves  drawn  for  maximum,  minimum,  and  inter- 
mediate rise  of  arches  would  give  the  horizontal  thrust  for  any 
arch.  In  a  similar  manner  curves  can  be  made  for  the  bending 
moment  at  the  springing.  Then,  having  found  the  horizontal 
thrust  and  the  moment  at  the  springing,  the  stresses  at  any  point 
on  the  arch  are  readily  found  either  graphically  or  algebraically. 

The  author  wishes  to  emphasize:  First — **The  Method  of 
Elasticity  '*  is  the  proper  one  for  computation  of  arches  of  either 
•teel  or  masonry.     Second — For   simplifying   computations   by  the 
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"Method  of  Elasticity/'  a  series  of  diagrams  can  be  made  similar 
to  those  illustrated  which  would  cover  any  type  or  any  shape  of 
arch.  With  such  an  arrangement  the  stresses  in  an  arch  could  be 
computed  as  quickly  and  as  accurately  as  the  stresses  in  a  truss 
bridge  of  the  same  span. 

The  diagrams  are  suggested  as  being  preferable  in  practice,  as 
there  is  little  liability  of  numerical  errors  and  checks  and  com- 
parisons are  readily  made. 

design. 

The  rise  of  an  arch  is  generally  fixed  by  the  distance  of  the 
roadway  above  the  stream  or  crossing.  The  shape  is  governed  by 
the  ratio  of  rise  to  span  and  the  architectural  effect  .in  relation  to 
the  surroundings.  The  thickness  of  the  ring  of  fixed  arches 
should  increase  from  crown  to  abutments.  The  three-hinged 
arch  should  be  thickest  theoretically  at  the  haunches.  A  fixed 
arch  is  more  rigid  and  free  from  vibration  than  a  hinged  arch. 
The  fixed  arch  should  be  used  wherever  a  solid  foundation  exists. 
If,  however,  there  is  danger  of  any  movement  of  the  abutments 
the  three-hinged  arch  should  be  used;  for  any  slight  movement  of 
the  abutments  of  a  fixed  arch  makes  a  decided  change  in  stresses 
and  may  produce  cracks.  Among  European  Engineers  it  is  gen- 
eral practice  to  leave  joints  or  temporary  hinges  in  the  arch  during 
construction.  After  the  centers  are  removed  the  joints  are  closed 
up,  and  the  arch  acts  as  fixed  for  additional  or  live  loads.  The 
idea  is  to  keep  the  line  of  resistance  definitely  located  at  the  hinges 
in  spite  of  the  stresses  that  are  set  up  by  the  sag  of  the  arch  when 
centers  are  removed. 

The  author  does  not  consider  that  temperature  stresses  de- 
mand hinges  in  any  type  of  arch.  It  is  proper,  however,  to  con- 
sider the  stresses  due  to  temperature.  Temperature  changes  may 
cause  a  crack  in  the  spandrel  wall  over  the  springing,  and  it  is  well 
to  provide  this  wall  with  a  joint.  Prof.  Pence,  in  a  paper  before 
the  Western  Society  of  Engineers,  gives  the  co-efficient  of  expan- 
sion of  concrete  as  .0000055  per  degree  Far.     The  success  that 
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has  been  met  with  in  combinations  of  concrete  and  steel  is  due 
'argely  to  the  fact  that  there  is  not  a  great  difference  between  the 
co-efiicients  of  expansion  of  the  two  materials,  and  also  that  there 
is  a  remarkably  strong  adhesion  of  cement  to  iron,  from  400  to 
600  lbs.  per  sq.   in. 

Having  found  the  maximum  shears,  thrusts,  and  moments  at 
various  sections  throughout  the  arch,  the  next  step  is  to  check  the 
stresses  at  the  sections.  In  a  concrete  arch  this  process  is  essen- 
tially an  application  of  the  method  used  in  applied  mechanics  for 
a  short  strut  with  eccentric  load;  that  is,  the  maximum  stress  is 
the  algebraic  sum  of  the  thrust  uniformly  distributed  over  the 
cross  section  and  that  due  to  the  moment  of  the  thrust  about  the 
neutral  axis.  In  a  Melan  arch  the  principle  is  the  same  but  the 
process  is  more  involved  on  account  of  the  determination  of  the 
proportions  of  the  thrust  carried  by  the  embedded  metal.  Mr. 
Edwin  Thatcher,  M.  Am.  Soc.  C.  E.,  who  has  designed  and  built 
a  large  number  of  Melan  arches,  has  presented  the  following 
formulae*  for  symmetrical  sections: 

*-(A,+20A,)±(l,+20l3) 


«     1(A,+20A,):!:  (1^+2010  1 


S^=  Stress  in  pounds  per  tq.  in.  in  concrete. 

S2=  Stress  in  pounds  per  sq.  in.  in  steel. 

T=  Thrust  on  section  of  arch  one  inch  wide. 

M=  Bending  moment  for  section  of  arch  one  inch  wide  in 
foot  pounds. 

A^=  Area  of  section  of  concrete  one  inch  wide. 

A,=  Area  of  steel  rib  divided  by  distance  from  center  to 
center  of  steel  ribs  in  inches. 

I^=rr  Momenr  of  inertia  of  A^  about  common  neutral  axis. 

I^=  Moment  of  inertia  of  A,  about  common  neutral  axis. 

20=  Ratio  of  modulus  of  elasticity  of  steel  to  that  of  concrete. 


•See  Emgintering New$^  September  21, 1899.  and  April  25, 1901. 
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The  principle  on  which  these  foriniihi*  are  based  and  wliich 
shoukl  be  the  basis  for  calculation  of  stresses  in  all  composite 
structures  of  concrete  and  metal  is  this:  suppose  we  have  a  rod  of 
iron  snrroundeil  with  a  layer  of  concrete  and  subject  to  a  tensile 
stress;  at  any  section  the  l>ar  will  be  elongated  a  certain  amount 
and  the  surrouuvling  concrete  will  be  elon^i^^aied  the  same  amount. 
Frt)in  Hook's  Law  the  stresses  are  proportional  to  the  strain 
within  the  working  limits  of  the  malorials.  Taking  the  Modulus 
of  Elasticity  of  iron  at  2K, 000,000  :ind  the  Modulus  of  Elasticity- 
ot  concrete  at  1,400.000.  a  j)ull  which  will  elongate  the  com- 
posite l)ar  1-1,400,000  part  of  its  Icn^tii  will  cau.^e  a  stress  of 
one  pound  per  scjUcire  inch  in  the  concrete  and  20  pounds  per 
scpiare  inch  in  the  iron.  The  same  thing  holds  true  for  the  com- 
posite rod  under  cc^iipiession,  the  stress  in  the  iron  being  20 
times  the  stress  in  the  surrounding  concr^'te.  Hence  we  have  the 
following  imj)ortant  principle  for  composite  concrete  and  metal 
structures:  The  stresses  in  the  concrete  and  in  the  metal  are  in 
proportion  to  each  other  as  their  respectixe  Moduli  of  Elasticity. 
Mr.  Thatcher  lias  used  the  ratio  of  i  to  1^.  and  this  is  very  nearly 
the  figure  determined  by  the  Anstriiin  Society  of  Engineers. 
Tests  made  on  smallcrr  s[^ecimens  of  concrete  have  given  results 
which  reduce  this  ratio. 

Messrs.  A.  L.  Johnson  and  A.  L.  Watson  in  the  Proceedings 
of  the  Am.  Soc.  C.  E.  report  some  ti'sts  of  (;t)ncrete  steel  beams 
made  at  the  Massachusetts  Institute  of  Technology.  Their  results 
indicated  that  Hook's  Laws  did  not  apply  exactly  to  composite 
beams;  also  that  the  metal  earned  a  larger  sinss  in  tension,  with- 
out cracking  the  conciete,  than  theory  allows.  This  may  modify 
the  unit  working  stresses  to  be  used,  but  tlie  deviation  ot  the  tests 
is  not  sufficient  to  alt^r  th<^  above  theory  as  a  basis  for  inves- 
tigation. 

For  preliminary  calculations  for  thickness  of  concrete  arches 
at  the  crown  use  Trautwine's  rule  : 

r,M  ■   1  ^  1        Radius  —   'j  span    ,  ^ 

Thickness  at  Crown=  -  \-  m.l'  ft. 
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For  Mefan  arches  the  thickness  at  crown  may  be  reduced 
according  to  the  amount  of  metal  used.  The  following  rule  for 
preliminary  purposes  is  proposed  for  Melau  arches: 


^  T-T  •   1  /  Depth  in  \ 

Crown   1  hickness:r=  I  ^       »     •      »     o    i     I 

I  Irautwine  s  Krile  / 


IM  Area  Iron   Beams 
Hor.  Dis.  het.  Beams 


MAIKKIALS    AND    C' )NS  1  Rl^C  TION. 

We  will  toucli  on  the  subject  of  concrete  only  so  far  as  it  ap- 
plies specially  to  arclies.  Concrete  for  the  arch  ring  should  be 
mad»;  of  first-class  Portland  cement,  proportions  r.ot  exceeding 
one  part  cement  to  seven  of  aggre-^ate.^. 

The  concrete  should  be  thoroughly  tamped  in  layers  six  or 
eijj^ht  indies  thick. 

Thonuigh  mixing  is  n<C(.'Sf;.'»r\',  and  c  oiic.ete  is  improve<l  bv 
mixing  in  proportion  lo  ih'.-  number  oi  turnings  l>eyond  the 
amount  usually  given. 

Tiie  amount  of  water  to  b'  used  in  cr)iicrete  depends  on  the 
cf>nclition  of  the  materials  and  on  llie  weather.  The  author  has 
liad  (juite  a  wide  experience  nu  concrete  tonstruction  anci  prefers 
a  fair  y  wet,  or  quaking  mixture,  to  a  dry  concrete.  Voids  in  mor- 
tar and  concrete  arc  nv.:ver  entirely  hllcd  with  cement  aiul  sand."^* 
and  a  consideral)Ie  excels  of  w.itcr  can  bj  carrif(l  by  the  concrute 
without  reducing  its  density. 

In  an  arch  ring,  however,  the  concr<jte  should  be  a  little  drier 
than  usual.      This  necessitates  extra  tamping. 

If  possible,  the  arch  ring  should  be  constructed  without  inter- 
ruption in  one  section.  Should  conditions  compel  a  dulay,  the 
work  should  be  ended  ofl  in  a  radial  line. 

The  facing  mortar  shoukl  be  placed  at  the  i^ame  lime  as  the 
concrete  and  bonded  with  it. 

A  mortar  composed  of  one  part  cement  to  three  parts  saml  is 
as  durable  for  facing  as  a  one  to  two  mixture,  and  is  less  liable  to 
crack  during  the  process  ot  setting. 

*.Sei*  Engineering  AVt'.'*,  January  '),  I'Hli. 
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There  is  need  for  more  definite  methods  of  specifying  the  pro- 
portion of  cement  in  mortar  and  concrete.  "*" 

While  tests  of  cement  and  proper  specifications  are  import- 
ant, the  most  essential  factor  in  securing  first-class  concrete  is 
proper  inspection,  or  supervision,  during  construction.  Without 
this,  the  best  set  of  specifications  ever  written  are  only  waste 
paper.  In  Cooper's  Bridge  Specifications  is  stated  "the  most 
perfect  system  of  rules,  to  insure  success  must  be  interpreted 
upon  the  broad  grounds  of  professional  intelligence  and  common 
sense." 

This  may  be  true,  but  the  average  contractor  does  not  inter- 
pret specifications  this  way.  While  it  is  proper  to  have  descriptive 
portions  in  a  specification,  yet,  when  it  comes  to  the  requirements, 
state  what  you  want  so  there  shall  be  no  doubt,  and  stick  to  it. 
Do  not  call  for  work  that  you  do  not  expect  to  carry  out,  or  for 
work  or  materials  that  are  beyond  good  general  practice.  Such 
procedure  is  unfair  to  different  bidders  for  the  work,  and  is  a 
mean  way  of  shifting  your  responsibility  for  the  work  on  an  in- 
spector. 

There  are  numerous  patents  in  connection  with  concrete  iron 
construction.  Wherever  the  work  involves  the  use  of  patent 
rights,  and  is  to  be  let  out  to  bidders  on  contract,  it  is  best  to  se- 
cure  the  use  of  such  patents  beforehand,  and  not  leave  it  to  the 
bidders.  Unless  this  is  done  one  bidder  is  liable  to  have  an  unfair 
advantage  over  others,  and  the  cost  of  the  work  will  be  increased 
from  lack  of  competition. 

GENERAL. 

The  principal  advantage  of  the  arch  over  a  truss  or  girder 
bridge  is  in  beauty  and  durability. 

A  concrete  arch  is  cheaper  than  a  stone  arch  nearly  in  pro- 
portion as  concrete  is  cheaper  than  cut  stone  masonry.  A  Melan 
arch  or  a  concrete  arch  reinforced  with  imbedded  iron  beams  can 


'See  EngtmertHg  Newt^  Januarj  9, 1902. 
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be  so  designed  that  it  will  be  cheaper  than  the  plain  concrete 
structure.  In  addition,  the  Melan  arch  carries  a  large  reserve 
force  or  factor  of  safety.  Ordinarily,  as  has  been  explained,  the 
full  working  value  of  the  iron  can  not  be  used;  but  in  case  the 
concrete  is  fractured  the  full  strength  of  the  iron  will  be  called 
into  play  and  is  capable  of  carrying  a  large  load. 

The  question  of  relative  cost  between  the  arch  and  the  steel 
truss  is  so  dependent  on  local  conditions  that  no  general 
comparison  can  be  made.  There  are  many  cases,  when  founda- 
tions are  favorable,  where  the  first  cost  of  the  arch  will  be  less 
than  the  first  cost  of  the  truss.  Moreover,  the  concrete  arch 
utilizes  local  labor  and  materials  to  a  greater  extent  than  an  iron 
bridge  does. 

There  are  cases,  if  durability,  cost  of  painting,  and  repairs  are 
considered,  where  the  arch  is  more  economical  even  though  first 
cost  is  greater.  We  have  examples  of  this  on  railroads  building 
permanei^t  structures.  The  Illinois  Central  Railroad  has  removed 
a  number  of  iron  bridges  and  replaced  them  by  concrete  arches. 

The  element  of  beauty  is  an  important  feature  in  parks,  boule- 
vards, and  city  streets.  Aside  from  it$;  utility  an  arch  bridge  can 
be  a  handsome  monument  to  a  town  and  a  credit  to  its  owners. 

Following  is  a  list  of  twenty-eight  concrete  and  Melan  arches, 
with  statement  of  rise,  span,  and  dimensions,  and  composition  of 
arch  ring: 


X 

< 
< 

H 

u 
y. 

o 
u 


o 

C/) 

o 

H 
c/) 


X 


«.. 


'-3  "^  is     •  s-  x:  it  2  12 

«^«    7*    ^*  ^«    ^^*    «^«    «^«    ^» 

y.'  X   X      •  X  X-  00  X  X 


1  ^  ,   .**  1*^  «/»  ''^  1^  J ' 


?1  Tl     1  CI  ri     : 


IT  *"*  SJT 

^v*     «w     «^a 

X  X  X 


X  X  ^ 

35  X  5 


n^  '^  ^       y^       ^-  n  lO 

«mK     «^«     vfv 

r:  X  x> 


25^  S*  ^  5K  X^  5c  3^ 


».l    «M   « 


1  M  T  I 


.i 


•/     - 


CI 


f.     \^    ^ 

c:  en.'? 


X   X 


J. 

•^  fi  -^  r;  y.  X  y 

r-  -r  re       7i  ri  ci 


•JT  -r  -r       T  1 


I-  t-  c:  I  - 
•  I  #  I  .  «  '■^ 


I-  r.  I  -  I  •  o  X  :c  T I  ri  c  I 
?i  T I  ti  Ti  ^  ri  ■:  I  ri 


I         ■  II- 

ci  rt  (M  ri  ci  ?i      CI      CI    ■ 


ci 


iT  i.t 


X  CI 


--Z. 


X  C  I 

CI  CI 


X 


;,       I 


CI  o 

i.'t  CI 


•r «; 


^  r-  iC  1-^  CI  I 
Ti  7  I  Ti  CI  re 


i-i-i-o-r»c  y:  X  3-  w 
"■^  "^  ^^  •  1 1  •^  »-« 1-^  ^«  <*  1  ^  I 


CI 


=;r. 


7: 


?•     ?-  —  «  —  I" 
■  :-  — y  ■ 

■ 


7. 


A 


y. 


'J 


y- 


'  CI  »- 


r^  y.  :^  I 

-^  ri  c;  I 


1- 


■i»— - 


c  I  -^  r. 


-i.':_x 


I  - 


y 

CI 


r.  :c  I-  I-  ci  ^—      »?: 


X 
Cl 


1  'T  —  /.  -f  C  I  r 

I  -  -r  r.  c  I  ^ 


a;  :  5j  c 

oc  tc  t/.  :' 

r^  r—  r^  — 

Wv  *i«  ^^  to- 


~    T   ■,-   I  - 


cir,  .:t 


5  T I  —  t'i  -.  i"!^  y  1 1  i'  i"^  -f  1 


—      3  >ii «.'?  - 
CI        X  -^  I  -  I 


«^       fcrf       •-«  ^^  *^       -^rf  «^  4— r  *^ 

u   i   C  ::  -   c:  C  Z  C   =  c:  .3;  =  =   ^-  =  ::  ^  ,5  c   =  c  c  c   c   c  = 

O       w       »  w  '-.'-/  w  w  'V      .'^  7.  ^  T  ".         u  .-  .*;  r-  ■-  ~           -  ~  ^  vS       fZ       i«  .t 

3  C  J  'w  '«  J  'J  '-.  '>-,  '^  --  ^  ^  P;  ^  ^  ^  ^  ^'  '"  ~  "■  P^  ^  ^  ^7r.7Z  7?. 


• 

• 

• 

• 

•^. 

• 

* 

^* 

— 

__ 

—1 

•^ 

* 

* 

• 

a. 

• 

•• 

<-• 

/ 

•r 

• 

f 

r    . 

^ 

■    C 

C 

-    r 

^" 

»■ 

« 

■ 

^"" 

^— 

M 

^^^ 

__ 

r^ 

/ 

;;: 

w 

>>I 

.>• 

> 

_l 

^^ 

, 

fcM 

...^ 

-^ 

•/. 

^a 

^ 

^— J 

*-- 

** 

^ 

u 

u 

W-i      -^ 

V* 

•^ 

"u 

't' 

r 

r 

t 

r  ■ 

^4      ^.^ 

• 

■    4 

1' 

X 

1  ■ 

c 

y 

jl: 

•-4 

;  < 

- 

'   V 

M 

M 

-^ 

- 

»  • 

A 

^        •- 

^* 

^' 

r- 

<"^ 

^^               •> 

^x 

t 

>.» 

•      * 

• 

• 

r 

■y 

< 

> 

^ 

- 

:i: 

'_*^ 

"JL 

5?r- 

H 

ct 

■    f   \ 

U 

- 

< 

•         • 

3; 

"f 

c 

*-> 

u» 

/ 

r- 

r- 
/- 

'  c_i 
> . 

> 

1?. 

y. 
tl 

»     ^  « 

1 
■f. 

-^ 

t 

/. 

•IT 

C  1 

J. 
T 

• 

1  7 

-  > 

c 
•-> 

f 

£ 

u 

•r 

:/  -^ 
i;    -r. 

c    = 
■—    ft 

H-3 

l-H 

7) 

c 

u 

> 

r. 

c 

1 

*•  • 

7) 

c 

•>• 

« « 

^z 

■-4 

p 

Cil 

0 

-?ir?^ooci£C      2      »2-£iT.-i:  Hi;?^^A'^\    'A    ^    '?^    ^'^V^ 


\ 


Concrete  and  Melan  Akchks- Sherman.  47 

DISCUSSION. 

Mr.  L  K.  Sherman:  The  speaker  believes  that  500  pounds 
per  square  inch  is  about  the  proper  unit  stress  in  compression. 
This  makes  a  factor  of  safety  of  about  five  in  tlir  concrete.  The 
allowable  stresses,  as  was  stated  in  the  paper,  are  proportional  to 
the  Moduli  of  Elasticity.  The  Modulus  of  Elasticity  of  iron  is 
twenty  times  that  of  concrete,  and  die  working  stresses  should  be 
in  that  proportion.  When  deformation  takes  place  the  concrete 
and  the  iron  are  distorted  the  same  amount:  however,  the  allow- 
able stresses  in  the  composite  structure  are  governed  by  the  allow- 
able stresses  in  the  concrete.  If  any  part  of  the  structure  is  com- 
pressed or  extended  a  certain  amount  the  stresses  in  the  iron  will 
be  twenty  times  the  stresses  in  ihe  concrete. 

In  tension  one  writer  allows  tiliv  pounds  per  .-.quare  inch;  but 
others  allow  larger  values  -^ome  as  iiigli  a^  t)ne  lunuired  pounds. 
There  seems  to  be  quite  a  difftuence  of  opinion  in  this  matter,  but 
the  speaker  believes  tliat  it  is  best  to  desi-^n  so  that  there  will  be 
no  tension  in  the  concrete. 

The  best  proof  of  the  Elastic  Theory  is  that  the  tests  of  arches 
of  seventy-five  feet  span.,  built  to  test  this  metho.l,  gave  results 
which  agree  verv  closelv  with  this  tliLorw 

Proi.  M.  S.  Ke'ichum:  (juiie  .1  nund)er  of  ti.xetl  masonry 
arches  are  being  built  in  Germany  at  the  present  time  as  three- 
hinged  arches.  The  hinges  are  made  by  placing  sheets  of  lead 
between  the  ring  stones  at  the  springing  and  the  crown.  These 
sheets  cover  about  one-third  of  the  depth  of  the  arch  ring,  the  re- 
mainder of  the  joints  being  left  open  during  construction.  After 
the  centers  have  been  removed,  and  final  settlement  has  taken 
place,  the  hinge  joints  are  filled  up  and  the  arch  becomes  a  fixed 
continuous  arch. 

This  method  of  constructing  fixed  masonry  arches  removes  a 
large  part  of  the  uncertainty  ab  to  the  proper  dislribiition  of  the 
stresses,  and  makes  it  possible  to  make  ijuite  an  accurate  solution 
of  the  stresses,  the  line  of  resistance  being  confined  to  the  middle 
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third  at  the  crown  during  construction,  and  probably  after  the 
hinges  are  removed. 

The  lack  of  definite  data,  viz.:  dead  load,  dimensions  and 
character  of  backing,  dimensions  and  kind  of  stone  in  the  arch 
ring,  etc.,  makes  it  very  difficult  to  accurately  apply  any  method  of 
solution.  In  many  arches,  for  example  in  short-span  railway 
arches,  the  backing  is  oftentimes  strong  enough  to  support  the  en- 
tire load,  and  any  method  which  omits  this  element  of  strength 
is  certainly  on  the  safe  side. 

While  there  is  certainly  much  room  for  improvement  in  the 
present  method  of  calculating  the  stresses  in  masonry  arches,  in 
view  of  the  uncertainty  in  the  data,  materials,  and  workmanship, 
the  speaker  does  not  believe  that  the  solution  based  on  the  Elastic 
Theory  as  proposed  by  Mr.  Sherman,  will  be  any  improvement. 

That  Mr.  Sherman  seems  to  lack  faith  in  the  Elastic  Theory 
is  evidenced  by  his  recommendation  to  design  masonry  arches  so 
that  there  will  be  no  tension  in  the  masonry. 

While  the  speaker  believes  that  it  is  inconsistent  to  treat  a 
masonry  arch  as  an  elastic  body,  he  agrees  with  Mr.  Sherman  in 
his  treatment  of  composite  structures. 
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LOCATION  AND  CONSTRUCTION  OF  AN   INTERURBAN 

ELECTRIC  RAILWAY. 


BY   C.  C.    STOWELL. 


This  subject  was  selected,  partially  outlined,  and  assigned  to 
the  author  to  fill  in  the  details.  These  details  must  necessarily  be 
brief  for  two  reasons:  First,  lack  of  extended  experience  in  this 
kind  of  work;  and,  second,  lack  of  time  in  which  to  arrange  the 
details  to  make  them  of  the  greatest  interest  or  value  to  the 
Society.  The  subject,  however,  is  one  of  interest  to  the  engineers 
and  surveyors  of  the  State  and  in  the  next  few  years  will  demand 
considerable  attention. 

Those  of  us  who  are  accustomed  to  locate  railway  lines  for 
economical  operation  and  minimum  expense  in  maintenance,  the 
right-of-way  being  adjusted  to  the  line,  will  find  it  hard  to  reverse 
this  order  and  locate  the  line  to  fit  the  right-of-way,  making  ex- 
pense of  operation  and  maintenance  the  secondary  consideration. 

Probably  the  first  feature  that  presents  itself  as  peculiar  will 
be  that  the  right-of-way  must  be  located  before  the  center  line  of  the 
track  can  definitely  be  determined.  And  if  the  ground  is  even 
ordinarily  rough  the  center  line  must  be  curved  and  shifted  in 
order  that  the  slopes  do  not  fall  outside  the  right-of-way,  or  the 
grades  become  excessive. 

The  locating  of  the  right-of-way,  if  conscientiously  done, 
requires  much  time  and  the  careful  running  of  many  section  lines. 
In  this  work  the  lack  of  monuments  is  forcibly  felt.  If  the  railway 
chances  to  be  along  a  highway  marked  out  by  the  pioneers  before 
the  Government  surveys  were  made,  the  work  is  much  taore  corn- 
plicated  and  can  best  be  done  by  the  county  surveryor,  who  prob- 
ably has  notes  to  aid  him.     An  experienced  locating  engineer  will 
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take  many  a  side  glance  at  better  ground  and  deplore  his  cramped 
conditions;  and,  after  working  iiard  to  do  the  best  possible,  he 
will  feel  that,  after  all,  he  has  accomplished  little. 

A  second  peculiar  feature  that  is  sure  to  appear  is,  that  the 
line,  and  in  some  instances  the  right-of-way,  must  be  shifted  to 
avoid  shade  trees.  A  house  or  other  building  may  be  moved,  but 
trees  must  not  be  disturbed. 

Where  the  line  follows  the  side  of  a  highway,  the  grade  must 
be  §o  adjusted  as  to  leave  all  drive  and  gateways  as  nearly  as  pos- 
sible in  their  original  condition.  Practically  all  conditions  usually 
taken  into  account  on  steam  roads  to  reduce  time  and  power 
required  to  operate  are  left  out  of  the  work  for  an  interurban  elec- 
tric line.  The  compensating  of  grades  for  curvature  is  entirely 
foreign  to  the  subject.  And,  indeed,  the  tables  usually  given  in 
field  books  to  assist  the  engineer  on  location  are  as  a  language  of 
which  he  has  a  limited  knowledge.  The  tables  of  one  degree 
curves  for  chords- of  400  ft.  can  be  used  occasionally;  but  for 
curves  having  a  radius  of  100  ft.  and  200  ft.  they  are  sadly  defi- 
cient. At  the  present  rate  of  increase  in  electric  interurban 
projects  there  will  soon  be  a  demand  for  a  "long  felt  want"  in  the 
shape  of  a  book  of  tables  and  formulas  for  this  special  work. 

About  the  only  feature  tiiat  will  seem  natural  to  an  engineer 
of  railway  experience  in  laying  out  an  electric  line  is  the  care  for 
the  waterways.  The  grading,  although  light,  is  difficult  and 
expensive  owing  to  the  narrow  right-of-way.  The  liability  of 
trespass  upon  lawns,  flower- bt^ds,  and  gardens  by  careless  and 
indifferent  teamsters  is  apt  to  bring  on  symptoms  of  some  nervous 
disease,  alike  to  contractor  and  engineer.  The  width  of  roadbed 
seems  to  be  fixed  at  12  ft.  It  is  strange,  in  the  light  of  experience 
on  steam  roads,  that  any  less  than  14  ft.  should  be  thought  of. 

After  material  has  been  taken  from  a  bank  of  12  ft.  in  width, 
with  which  to  surface  the  track,  the  shoulders  together  with  a 
good  portion  of  the  slopes  have  disappeared,  and  they  must  be 
replaced  from  gravel  trains  at  an  early  day  at  much  greater  ex- 
pense than  the  additional  cost  of  building  a  14-ft.  bank  in  the  first 
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place.  The  replaced  slopes  ^are  by  no  means  as  permanent  as 
when  built  with  the  main  bank,  and  if  not  closely  watched,  rains 
will  endanger  the  track. 

The  company  with  which  the  author  has  been  associated  the 
past  season  put  in  excellent  material  in  the  track  with  the  idea  of 
occasionally  giving  trackage  to  locomotives  and  hauling  freight 
cars  from  steam  roads.  Oak  ties,  60-lb.  rails  and  Weber  joint 
bars  were  used,  also  spring  frogs  and  split  switches  in  all  turnouts. 
All  bridges  were  built  to  carry  a  full  train  of  100,000  lbs.  capacity 
freight  cars.  Concrete  arches  and  sewer  pipe  were  used  in  sni  ill 
waterways,  and  steel  and  timber  structures  over  the  larger. 

The  trolley  wire  was  carried  on  span  wires,  between  poles  in 
the  usual  manner.  This  gives  llexibility  to  the  system,  which  is  a 
desirable  feature;  but  owing  to  the  limited  space  in  which  to  place 
the  poles,  the  author  is  of  the  opinion  that  a  bracket  system  with 
the  trolley  wire  held  to  the  bracket  by  means  of  suitably  arranged 
springs  would  be  preferable. 

The  author  believes  that  the  present  j^jencral  manner  of  build- 
ing electric  interurban  lines  is  doomed  to  a  speedy  change.  The 
idea  that  these  lines  are  street  railways,  always  to  run  at  low  speetl, 
primarily  passenger  lines,  carrying  a  little  baggage  and  light 
freight  occasionally,  will  be  materially  changed  at  no  distant  day. 
Electric  roads  will  be  constructed  on  economical  lines,  running 
tiiiins  in  place  of  cars,  as  many  freight  trains  as  passenger,  and  at 
a  speed  approaching  that  of  steam  trains.  There  will  still  be  a 
demand  for  the  slow  car  along  or  near  the  highyways,  but  those 
lines  which  will  pay  most  on  capital  invested  will  be  those  of  the 
best  construction. 

DISCUSSION. 

Mr.  a.  L.'Kuehn:  The  cpiestion  of  tlie  l)uilding  of  electric 
railways  is  a  highly  important  one  to  the  State  ol  Illinois,  because 
a  number  of  projects  all  over  the  State  are  now  beginning  to 
assume  a  definite  form.  The  field  is  new  in  this  State,  and 
because   it   has   proved   very  successful   in   other  districts  there  is 
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the  semblance  of  a  boom  which  is  much  of  the  same  nature  as  that 
accompanying  the  building  of  the  first  steam  railroads.  A  great 
many  unworthy  projects  are  being  attempted;  therefore  it  is 
well  for  us  to  keep  before  us  the  conditions  under  which  an  electric 
railroad   can   operate. 

It  is  certain  that  the  heavy  traffic  carried  by  the  great  rail- 
roads can  not  yet  be  carried  cheaper  by  means  of  electricity,  and 
there  are  no  definite  signs  as  yet  that  this  will  be  the  case  very 
soon.  In  spite  of  all  said  to  the  contrary,  the  field  of  the  electric 
railway  lies  in  the  handling  of  lighter  traffic.  The  fact  that 
electric  railways  are  now  operating  on  a  paying  basis  is  not  caused 
by  their  being  operated  cheaper  than  the  steam  road  which  they 
may  be  paralleling,  but  by  their  being  operated  in  a  different 
manner.  It  is  possible  to  break  up  a  train  equipped  electrically 
into  small  units  much  more  easily  than  one  handled  by  steam. 
Therefore  it  is  possible  to  have  small  trains  at  frequent  intervals 
on  the  electric  road  much  more  easily  than  on  the  steam  road. 
Trains  run  at  frequent  intervals  produce  increased  traffic;  and 
because  traffic  is  increased,  rates  can  be  lower,  which  of  itself  will 
also  increase  traffic.  To  this  the  electric  railway  owes  its 
supremacy  over  the  steam  road.  From  this  principle  it  will  also 
be  seen  that  the  primary  traffic  of  the  electric  railway  is  passenger 
traffic;  for  this  is  the  only  traffic  that  will  be  influenced  by  the 
frequency  of  trains.  Therefore  an  electric  railway  will  generally 
not  be  a  sound  project  unless  it  is  placed  so  that  it  will  be  possible 
to  deal  with  a  comparatively  large  passenger  traffic.  Other  traffic 
will  naturally  come  to  the  road  which  may  produce  considerable 
revenue;  but  the  passenger  traffic  will  be  the  main  dependence, 
except  in  special  cases.  So  well  is  this  principle  recognized  by 
successful  managers,  that  they  spend  great  energy  to  produce 
some  attractive  place  or  pleasure  ground  within  easy  distance 
of  the  larger  cities  in  order  to  produce  travel. 

There  is  a  general  opinion  among  some  that  the  roadway  of 
an  electric  railway  can  be  of  cheap  and  light  construction.     This 
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is  a  great  error,  for  the  construction  should,   in  general,   be   fully 
equal  to  that  of  the  better  class  of  railroad  construction. 

As  was  said,  there  seems  to  be  a  boom  in  electric  railroads  at 
present.  This  is  very  dangerous,  for  as  soon  as  there  is  a  reac- 
tion, and.the  present  prosperity  drops  off,  electric  railways  will  be 
among  the  first  to  feel  it.  Their  traffic  is  of  that  kind  which  varies 
greatly  with  the  condition  of  the  people.  A  great  deal  of  it  can, 
when  necessary,  be  dispensed  with,  and  any  undertaking  which  is 
at  all  unsound  will  surely  suffer  and  go  under. 

Mr.  J.  M.  McNabb:  The  speaker  received  a  surprise  in  the 
matter  of  electric  railways  last  December.  He  was  in  Ohio  and 
saw  the  system  of  electric  railways  operating  there.  This  very 
nearly  covers  the  state,  and  it  is  a  serious  question  to  the  steam 
roads  as  to  how  they  are  going  to  retain  their  local  passenger 
traffic.  Traveling  men  take  the  electric  lines  paralleling  the  steam 
lines  and  do  fifty  to  seventy-five  per  cent,  more  business  than  they 
could  on  the  steam  lines.  One  line  which  runs  from  Cleveland 
through  Columbus  to  Cincinnati  furnishes  a  sleeping-car.  Of 
course  the  conditions  in  Ohio  are  very  favorable  to  electric  rail- 
ways; there  are  a  large  number  of  comparatively  large  cities  quite 
close  to  each  other. 

Prof.  A.  N.  Talbot:  A  gentleman  who  is  interested  in  these 
interurban  railways,  and  who  is  building  several  lines  in  Indiana 
and  Ohio,  told  the  speaker  recently  that  the  difficulty  in  the  way  of 
the  construction  of  the  interurban  electric  r.ailways  in  this  State 
lies  principally  in  the  fact  that  the  companies  can  not  obtain  a 
franchise  through  incorporated  towns  for  a  period  exceeding  twenty 
years.  In  Indiana  and  other  states  they  may  obtain  perpetual 
franchises.  This  did  not  at  first  seem  to  the  speaker  to  be  a  strong 
point;  but  when  it  is  considered  that  companies  are  buying  their 
right-of-way,  and  not  merely  running  along  highways,  it  may  seem 
to  be  true. 
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RECORDS  OF   THE    MAINTENANCE  OF  WAY  DEPART- 
MENT OF  THE  RIO  GRANDE,  SIERRA  MADRE 

&  PACIFIC  RAILWAY. 


BY  L.   P.   ATWOOD. 


The  following  is  a  description  of  the  methods  of  keeping  office 
records  in  the  Maintenance  of  Way  Department  of  the  Rio  Grande^ 
Sierra  Madre  &  Pacific  Railway: 

This  road  is  of  one  division  of  250  kilometers  or  about  156 
miles  in  length.  As  Engineer  of  Maintenance  of  Way,  the  author 
has  charge  of  tracks,  bridges,  and  buildings,  and  their  appur- 
tenances. The  operating  force  subordinate  to  this  office  at  pres- 
ent consists  of  one  bridge  gang,  made  up  of  a  foreman  and  five 
laborers;  twenty-two  section  foremen,  with  generally  one  laborer 
each,  but  aggregating  just  now  twenty-eight  laborers  for  twenty- 
two  sections;  and  an  extra  foreman  for  special  work.  These 
are  all  Mexicans  excepting  the  bridge  foreman.  Native  carpen- 
ters  are   generally  employed  to   do  any  building  repairs  needed. 

All  foremen  are  required  to  send  their  time  books  to  the  office 
by  the  last  train  of  each  month.  The  pay  rolls  are  made  up  from 
these  books  after  checking  them  over  and  entering  tiecessary 
deductions.  For  a  record  of  the  distribution  of  the  labor  an  ordi- 
nary day  book  of  300  pages  is  used.  For  each  month  two  pages 
are  ordinarily  required.  The  left-hand  page  is  ruled  into  vertical 
columns  each  marked  at  the  top  to  show  the  different  kinds,  or 
classes,  of  work  done  during  the  month.  For  instance,  column 
(i)  is  usually  < 'track  repairs,"  including  all  ordinary  work  of  a 
section  gang;  (2)  is  ''switch  repairs";  (3)  "tie  renewals/'  etc.  If 
one  page  should  not  be  enough,  two  would  be  used.  Each  gang 
is  given  one  line,  and  its  time  in  dollars  and  cents  is  entered  in  the 
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proper  column,  and  the  total  pay  roll  of  the  gang  entered  in  the 
last  column.  This  is  done  direct  from  the  time  books,  and  on 
completion  the  footing  of  the  last  column  is  checked  against  the 
pay  roll  footings.  Each  column  is  then  marked  at  the  bottom 
with  the  number  of  the  account  on  the  Auditor's  general  distribu- 
tion sheet  to  which  the  labor  is  chargeable.  A  summary  of  these 
accounts  is  then  made  on  the  opposite  page,  together  with  a 
detailed  record  of  all  new  or  special  work.  From  this  page  the 
distribution  sheet  and  the  extraordinary  disbursement  sheet  are 
filled  out,  which  together  with  the  pay  rolls  are  forwarded  to  the 
Auditor's  office.  There  should  never  be  any  need  to  go  back  of 
the  distribution  book  for  information  as  to  past  labor  performed. 

Each  man  on  the  rolls  is  furnished  with  a  boleta  giving  his 
name,  station,  amount  earned,  deductions,  and  amount  due  for 
presentation  at  the  pay  car.  A  material  statement  is  made  up 
from  carpenters'  job  slips,  and  from  memoranda  made  during  the 
month,  which  is  sent  to  the  storekeeper,  who  is  the  Master  Me- 
chanic. This  statement  does  not  include  material  bought  for 
specific  and  immediate  use.  When  bills  for  this  latter  are  approved, 
they  are  marked  so  as  to  show  the  work  for  which  it  was  required, 
the  account  number  to  which  it  is  chargeable,  and  are  then  sent  to 
the  storekeeper.  Neither  does  it  include  supplies,  tools  and  mate- 
rial covered  by  stub  requisitions  which  are  handled  by  the  store- 
keeper. Time  books  and  job  slips  are  filed  away  for  a  year  and 
then  destroyed. 

The  Bridge  Construction  Book  is  ruled  into  vertical  columns, 
headed  with  all  sizes  and  dimensions  of  material — both  lumber  and 
iron — used  in  the  bridges,  each  bridge  occupying  a  line  on  the 
page.  This  gives  concisely,  in  detail,  the  material  in  the  structure. 
Farther  on  in  the  same  book  are  recorded  the  details  covering  each 
structure,  bent  by  bent,  both  pile  and  frame.  Thus  far  all  remov- 
als have  been  recorded  alongside  corresponding  construction 
record,  giving  cause  of  renewal  and  all  data  necessary  to  keep 
complete  records. 
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Tie  renewal  records  are  kept  in  a  200-page  day  book.  Each  kilo- 
meter occupies  one-half  page,  and  at  the  end  a  summary  of  total 
renewals  for  each  month  is  made,  as  well  as  a  summary  for  each 
section  for  each  month.  This  book  will  last  for  many  years.  This 
covers  all  labor  and  material  records,  and  is  kept  solely  for  pur- 
poses of  record. 

In  doing  work,  and  for  compilation  purposes,  two  ordinary 
field  books  are  kept  in  use.  One  is  marked  "Engineering  Notes 
and  Surveys/'  containing  notes  of  the  staking  out  of  buildings, 
tanks^  turnouts,  cross-sections  for  ditching,  grading,  etc.  The 
other  is  marked  "Road  Book,"  and  contains  road  inventories, 
track  material  used  or  transferred,  etc.  A  third  book  is  kept  in 
the  desk  and  seldom  leaves  the  office.  In  it  are  posted  all  items  of 
material  and  labor  used  in  the  construction  and  renewals  of  all 
structures  pertaining  to  the  Building  Department. 

When  a  foreman  discharges  an  employe  he  issues  a  time  cer- 
tificate which  should  have  been  printed  in  Spanish.  This  is 
exchanged  for  a  stub  time  check  in  this  office,  and  the  latter  can 
be  cashed  by  the  nearest  agent.  The  time  certificates  are  usually 
kept  on  file  only  three  months.  Stock  accident  reports  are  made 
out  by  foremen.  A  duplicate  is  made  and  filed  in  this  office,  and 
the  original  is  forwarded  to  the  General  Manager's  office.  Hos- 
pital Permits  are  addressed  to  nearest  company  surgeon  and  a 
duplicate  is  kept  on.  file.  These  last  blanks  are  not  issued  to 
foremen. 

A  form  for  track  material  reports  was  made  up  at  the  begin- 
ning of  operation  when  we  expected  to  use  American  foremen;  but 
afterwards  it  was  found  impracticable  to  get  native  foremen  to 
comprehend  it,  and  as  the  division  was  short  and  work  light  much 
of  the  data  is  kept  in  the  "Road  Notes"  Book. 

The  form  given  below  is  a  vest  pocket  record  of  the  curvature, 
alignment,  and  gradients  of  the  division.  The  book  is  two  and  a 
half  inches  by  five  inches.  For  curves  and  gradients  four  pages 
are  used,  the  edge  of  the  middle  leaf  containing  pages  2  and  3 
being  cut  off  for  the  width  of  column  (i): 
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The  following  questions  might  be  pertinent  to  this  subject: 
I,     In  the  distribution  of  each  month's  labor  of  the  track  and 

bridge  forces,  is  the  classification  made  under  more  heads,  and 

recorded   in   your    office   than   is  required  in  your  report  to  the 

general   office? 

3.     If  so,  under  what  heads  do  you  enter  such  labor  for  future 

reference  in  your  office? 

3.  In  what  manner  do  you  keep  such  information? 

4.  For  what  length  of  time  do  you  keep  foremen's  time 
books,  job  slips,  stock  reports,  etc.,  after  you  have  utilized  their 
data  in  your  reports  and  statements  to  your  superior  officers? 

In  reference  to  maintenance  of  way  records  the  author  hardly 
knows  if  he  can  suggest  any  methods  to  be  followed  in  all  cases, 
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as  conditions  probably  vary  in  different  offices,  both  as  to  the 
extent  of  work  subordinate  to  that  office  and  data  which  it  is 
necessary  to  send  to  superior  officers.  In  all  cases  blanks  and 
forms  should  be  of  such  a  size  as  to  fold  to  one  uniform  size  for 
convenience  in  handling  and  filing.  A  uniform  classification  of  all 
routine  track  and  maintenance  work  would  be  proper  for  purposes 
of  comparison;  but  such  a  subdivision  of  accounts  could  only  be 
maintained,  perhaps,  when  the  work  was  heavy  enough  to  demand 
a  clerk  for  the  office  of  Maintenance  of* Way,  or  Supervisor's 
office,  as  the  case  might  be.  The  author  would  like  to  know  of 
the  different  bridge  inspection  blanks  and  forms;  we  have  only 
trestles   and   have   no   such   forms. 
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THE  SHRINKAGE  OF  EARTH  EMBANKMENTS. 


DISCUSSION, 

Mr.  a.  L.  Kuehn:  The  question  of  the  shrinkage  of  earth 
embankments  has  been  given  considerable  attention  recently. 
From  the  discussion  it  is  seen  that  the  ordinary  shrinkage  of  earth- 
work is  nowhere  near  that  stated  in  text  books  on  the  subject. 
However,  it  has  not  been  emphasized  that  the  shrinkage  is  depend- 
ent upon  the  manner  of  constructing  the  work.  The  amounts 
stated  in  the  text  books — fifteen  to  twenty  per  cent — may  be  reached 
if  the  earth  is  thrown  in  loosely;  but  for  embankments  made  in  the 
ordinary  way  with  scrapers  or  wagons,  the  shrinkage  will  not  be 
more  than  three  or  four  per  cent,  because  the  teaming  on  the  bank 
while  the  filling  is  going  on  will  compress  the  material.  This 
amount,  of  course,  will  vary  somewhat  with  the  material. 

A  good  way  of  making  provision  for  shrinkage  is  in  use  on 
the  heavy  work  in  the  reconstruction  of  the  Union  Pacific  Rail- 
road. The  slope  stakes  are  set  to  the  proper  distance  out  and  the 
fill  is  carried  to  the  grade  shown  by  the  profile,  but  the  top  width 
of  the  bank  is  made  such  that  when  it  shrinks  to  its  final  dimen- 
sions there  will  be  room  enough  to  put  on  top  additional  material 
with  proper  slopes  to  make  up  the  shrinkage. 

Mr.  H.  G.  Paddock:  The  speaker  has  had  considerable 
experience  with  earth  embankments  in  connection  with  making 
sidewalk  grades  in  Moline.  The  embankments  were  from  one  to 
five  feet  high;  the  top  widths  were  about  eight  feet,  or  as  was 
sometimes  the  case,  the  whole  lot  was  filled  in.  The  material 
was  clay  mixed  with  loam  as  a  rule,  but  some  was  a  gravelly  clay. 
The  embankments  were  made  by  teams  that  worked  on  the  bank 
in  making  the  fill.  Some  careful  measurements  made  later  showed 
that  there  was  no  perceptible  shrinkage.  The  material  was  taken 
from  adjacent  cuts,  and  here  it  was  found  that  the  newly  cut  sur- 
faces had  settled  considerably. 

See  also  discussion  under  head  of  "Trench  Filling." 
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WHAT  IS  THE  BEST  METHOD  OF  PROTECTING 
•    EARTH  EMBANKMENT  SLOPES? 


DISCUSSION. 

Mr.  a.  L.  Kuehn:  In  order  to  properly  protect  embankment 
slopes  some  kind  of  vegetation  must  be  placed  upon  them;  some 
kind  of  heavy  grass  is  best.  In  this  connection  it  might  be  said 
that  sodding  railway  banks  not  only  reduces  the  cost  of  mainte- 
nance but  adds  materially  to  their  appearance,  and  since  much  at- 
tention is  being  paid  to  appearances  by  the  better  class  of  rail- 
roads, this  is  an  important  point. 

Mr.  E.  E.  R.  Tratman:  It  may  be  interesting  to  know,  in 
connection  with  the  question  of  sodding  railway  banks,  that  on  the 
Chicago^  Burlington  &  Quincy  Railroad  work  in  Iowa  there  are 
some  high  embankments  which  have  a  top  width  of  forty  to  fifty 
feet  simply  to  allow  for  the  washing  off  of  the  material  by  rains. 
An  enormous  amount  of  material  must  be  handled  which  would 
not  be  needed  if  the  banks  were  sodded. 

Prof.  A.  N.  Talbot;  In  some  parts  of  the  South  embank- 
ments are  covered  with  a  weed  or  grass  which  the  speaker  thinks 
is  called  quack  grass.  It  has  thick  roots  which  extend  into  the 
soil  for  some  distance  and  mat  up,  so  that  the  embankment  is 
well  protected  from  washing.  Of  course  this  would  not  do  for 
sand;  in  fact,  the  speaker  does  not  know  how  sand,  such  as  he  has 
seen  in  some  places,  could  be  protected.  In  Mexico  he  has  seen 
it  drift  across  the  track  so  that  trains  were  delayed,  and  in  other 
places  he  has  seen  it  blown  from  under  the  ties. 

Mr.  H.  G.  Paddock:  The  speaker  has  seen  a  sand  blow-out 
arrested  by  a  growth  of  sand  burrs.  The  sand  burr  will  grow 
almost  anywhere. 
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REPORT  OF  THE  COMMITTEE  ON  RAILWAYS. 


During  the  year  1901  the  amount  of  new  railway  con- 
struction in  the  United  States  was  about  5,000  miles,  or  a 
little  more  than  in  1900.  The  figures  as  to  the  new  road  built  in 
this  State  during;  the  year  are  somewhat  confusing,  one  authority 
giving  80  and  another  160  miles  as  the  total.  At  any  rate,  the 
amount  of  new  road  built  is  not  very  great,  but  work  for  permanent 
improvements  has  been  carried  on  by  nearly  all  the  important 
existing  roads.  In  view  of  the  International  Exhibition  to  be  held 
at  St.  Louis  in  1903  (or  perhaps  1904),  it  is  probable  that 
additional  work  will  be  done  on  the  lines  centering  at  that  point 
in  order  to  provide  for  the  expected  heavy  traffic.  Some  notes  as 
to  the  permanent  improvement  work  done  during  the  past  year 
are   given   below. 

permanent    improvements    on    ILLINOIS    RAILWAYS. 

Atchisofiy  Topeka  6f  Santa  Fe  Railway.  The  principal  work 
done  in  this  State  during  the  past  year  has  consisted  in  replacing 
trestles  with  permanent  work.  According  to  a  statement  prepared 
by  Mr.  W.  B.  Storey,  the  Chief  Engineer,  1,868  feet  of  trestle 
bridges  were  thus  replaced,  as  follows: 

Lineal  Feet. 

Trestle   replaced  by  girders  on  masonry 68  x 

Trestle  replaced  by  arch  culverts 595 

Trestle  replaced  by  cast-iron  pipe 83 

Trestle  filled  and  abandoned 409 

Total 1 ,  868 

Baltimore  &*  Ohio  Southwestern  Railway.  This  road  has  been 
making  extensive  improvements  and  grade  reductions  upon  its 
line.  At  the  terminals  at  East  St.  Louis,  111.,  new  freighthouses 
have  been  built  with  six  tracks  and  five  island  platforms  between 
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them;  the  inbound  house  is  602  feet  long  and  80  feet  wide;  and 
the  outbound  house  602  feet  long  and  30  feet  wide. 

Chicago  dr*  Alton  Railway,  The  improvement  work  on  the 
main  line  between  Chicago  and  Bloomington  is  still  in  progress. 
New  water  and  coaling  stations  are  being  installed,  and  in  some 
places,  as  at  Carlinville,  dams  will  be  built  to  form  reservoirs  for 
water  supply.  The  use  of  treated  timber  for  bridge  floors  is  being 
introduced. 

Chicago^  Burlington  df  Quincy  Railroad,  This  road  has  not 
done  much  work  in  Illinois  during  the  past  year,  but  included  in 
this  work  are  the  construction  of  a  new  suburban  station  at  River- 
side and  the  installation  of  a  30-lever  interlocking  plant  at  the 
same  place.  The  information  given  below  was  furnished  by  Mr. 
W.  L.  Breckenridge,  the  Chief  Engineer: 

The  Riverside  station  consists  of  a  main  building,  34  feet  by 
222  feet,  on  the  south  side  of  the  main  tracks,  and  a  subway  en- 
trance,  canopy  and  waiting-room  on  the  north  side.  At  the  ends 
of  the  main  building  are  shelters  extended  in  lines  of  the  building, 
the  east  shelter  covering  the  entrance  to  the  subway.  The  plat- 
forms are  of  vitrified  brick  and  cement.  The  exterior  finish  of  all 
the  buildings  is  of  mottled,  fire-fiashed,  pressed  brick,  with  Bed- 
ford stone  trimming.  The  roofs  are  of  red  tile.  The  floors  are  of 
marble  on  hollow  tile,  supported  by  I-beams.  The  wainscot  pan- 
eling is  of  quarter-sawed  oak.  The  baggage  and  express  room  has 
a  cement  floor.  The  buildings  are  wired  for  electric  light  and 
piped  for  gas;  they  are  heated  by  steam,  the  boiler  room  beiag 
under  the  baggage-room.  The  plumbing  is  of  the  most  modem 
style,  and  all  exposed  work  is  nickel  plated. 

The  subway,  which  enables  passengers  to  pass  from  side  to 
side  without  crossing  the  tracks  at  grade,  is  100  feet  long,  6^  feet 
wide  in  the  clear,  and  7^  feet  high.  It  is  built  of  concrete,  the 
top  of  which  is  only  14  inches  below  the  base  of  rail,  the  concrete 
roof  having  four  15-inch  I-beams  embedded  in  it  under  each  rail. 
The  ceiling  and  side  walls  are  lined  with  hollow  tilq.  on  which  is 
laid  opalite.     The  floor  is  of  cement  laid  on  hollow  tile. 
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At  Galesburg,  111.,  this  road  has  established  a  reservoir  of 
277,000,000  gallons  capacity,  to  furnish  a  water  supply  for  its 
shops,  roundhouses  and  locomotives.  The  city  water  is  objection- 
able on  account  of  the  proportion  of  iron  which  it  carries,  and  the 
supply  has  hitherto  been  obtained  from  driven  wells  and  a  small 
reservoir.  A  new  dam  was  built.  It  is  700  feet  long,  12  feet  wide 
on  top,  and  40  to  45  feet  high,  the  top  being  20  feet  higher  than 
that  of  the  old  reservoir  dam.  This  dam  is  of  earth,  having  a  brick 
core  wall  3  to  4  feet  thick  at  the  bottom  and  18  inches  at  top. 
This  is  believed  to  be  a  novelty  in  dam  construction.  The  pump- 
ing station  contains  two  65  HP.  boilers,  engines,  pumps,  and  a 
Jewell  filter  of  500,000  gallons  capacity.  With  the  new  water 
supply,  it  is  expected  that  the  locomotive  boilers  will  only  have  to 
be  washed  out  about  once  in  six  months.  With  the  old  supply 
the  boilers  of  switch  engines  had  to  be  washed  out  once  or  twice  a 
week,  while  those  of  road  engines  had  to  be  washed  out  every  sec- 
ond trip. 

Most  of  the  work  on  this  road  during  the  past  year  has  been 
in  Iowa,  where  extensive  realinement  and  reduction  of  grades  is 
being  carried  out.  In  connection  with  this  work  a  number  of 
deck  plate  girder  bridges  have  been  erected.  One  of  the  largest 
of  these  was  designed  for  a  high  crossing  of  a  stream  whose  drain- 
age area  does  not  permit  the  use  of  masonry.  The  top  of  tie  is  72 
feet  above  the  bed  of  the  creek.  The  three  main  spans  are  75-ft. 
deck  girders,  the  tower  spans  are  30  ft.  girders,  and  the  abut- 
ment spans  are  i6-ft.  I-beams.  One  75-ft.  span  is  across  the 
channel,  and  the  others  span  the  end  slopes  of  the  bank,  the  bank 
ends  qf  these  spans  resting  on  temporary  pile  foundations.  The 
i6-ft.  I-beams  are  used  to  avoid  the  construction  of  a  high  parapet 
or  bulkhead  wall  on  a  new  bank.  As  soon  as  the  bank  has  settled 
to  its  permanent  bearing,  a  masonry  abutment  will  replace  the. 
I-beam  span.  This  end  construction  is  necessary  on  account  of 
the  excessive  shrinking  in  a  high  bank  built  from  steam-shovel  ex- 
cavation.    The   weight   of   this   double-track    bridge    is    915,000 
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pounds.     The  pedestals  are  of  concrete  on  piles,  and  contain  600 
cubic  yards  of  concrete. 

Chicago  Great  Western  Railway,  The  Chief  Engineer,  Mr.  F. 
R.  Coates,  writes  that  this  road  finished  laying  75-lb.  rail  through 
Illinois  the  first  of  the  year  1901,  and  has  done  very  little  work  in 
improvement  of  alinement  or  reduction  of  grades.  As  to  new 
yards  and  terminals,  the  size  of  the  48th  Street  yard  at  Chicago  has 
been  increased,  but  the  work  was  of  a  comparatively  uninteresting 
nature  from  an  engineering  point  of  view.  At  Bellwood,  where 
the  C.  G.  W.  crosses  the  Chicago  Junction  Ry  ,  the  interlocking 
plant  was  rearranged  in  the  spring  of  1901,  adding  fifteen  new 
levers  to  the  twenty  levers  already  there,  in  order  to  change  the 
double  track  at  Chicago  Junction  Railway  to  two  single  main 
tracks.  This  will  add  two  cross-overs,  two  side  tracks,  and  a 
number  of  additional  signals  to  be  handled  by  the  interlocking. 
As  to  new  stations,  etc.,  quite  an  addition  has  been  made  to  the 
freight  house  at  Chicago,  and  the  plant  is  now  considered  one  of 
the  best  in  the  city. 

During  the  past  year  the  road  has  eliminated  about  twelve 
trestles,  putting  in  arch  or  rail-top  culverts  and  filling  in  earth 
banks.  A  small  amount  of  this  work  is  contemplated  for  the  com- 
ing year.  As  to  other  work  for  1902,  it  is  contemplating  grade 
revisions  at  Ingalton,  Lombard,  Stillman  Valley,  and  Thorpe ; 
double  track  from  Oelwein  to  Stanley,  and  from  Dubuque  to  Fair- 
ground; also  new  yards  at  Ingalton. 

Elgin,  Joliet  dr*  Eastern  Railway,  During  the  past  year  this 
road  built  135  miles  of  double  track  laid  with  80-lb.  rails,  half  the 
line  being  ballasted  with  gravel  and  the  other  half  with  ten  inches 
of  slag  and  a  top  dressing  of  four  inches  of  cinders.  In  addition 
to  this,  the  general  work  dated  below  was  done,  according  to  a 
statement  furnished  by  Mr.  R.  E.  Orr,  the  Chief  Engineer: 

Built  ten  miles  of  terminal  yard  at  State  Line,  Hammond, 
using  60-lb.  rails. 

Relaid  seventeen  miles  of  main  line  with  80-lb.  rails. 
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Ballasted  six  miles  of  main  line  with  gravel  and  eight  miles 
with  cinders. 

Replaced  220  feet  of  trestle  with  five  through-plate  girders. 

Replaced  223  feet  of  trestle  with  eleven  deck  girders. 

Replaced  160  feet  of  trestle  with  thirteen  stone  stock  passes. 

Installed  two  electric  and  one  lever  interlocking  plants. 

Extended  roundhouse  at  Waukegan  five  stalls. 

Built  five-stall  roundhouse  at  looth  Street  and  Commercial 
Ave.,  South  Chicago. 

Rebuilt  1200  feet  of  Calumet  River  dock. 

Planked  40,000  sq.  ft.  of  coal  dock  at  South  Chicago. 

Chicago  Passenger  Terminals,  During  the  past  year  there  was 
an  agitation  in  favor  of  the  establishment  of  a  central  union  station 
for  Chicago;  and  an  interesting  discussion  of  the  matter  took 
place  at  a  meeting  of  the  Western  Society  of  Engineers.  The 
advantages  would  be  many,  but  there  would  also  be  serious 
disadvantages.  The  cost  would  be  very  great,  to  say  nothing  of 
the  additional  cost  for  the  provision  of  the  necessary  street  and 
viaduct  approaches,  street  and  elevated  railway  connections,  etc. 
The  first  obstacle  is  the  difficulty  of  obtaining  harmonious  and 
concerted  action  on  the  part  of  the  several  railways,  and  this 
difficulty  seems  to  be  insuperable.  The  fact  that  the  C,  R.  I.  & 
P.  Ry.  and  L.  S.  &  M.  S.  Ry.  have  actually  commenced  work  ioi 
the  construction  of  a  new  terminal  passenger  station  on  the  site 
of  the  old  station  at  Van  Buren  St.  and  Pacific  Ave.,  seems 
to  indicate  the  uselessness  of  attempting  a  combination  of  all  the 
roads.  The  improvement  or  reconstruction  of  the  Polk  St. 
and  Wells  St.  terminal  stations  is  talked  of  from  time  to  time, 
but  no  definite  action  has  been  taken. 

ELECTRIC    INTERURBAN    RAILWAYS. 

The  building  of  electric  interurban  railways  to  open  up  new 
territory  and  to  parallel  existing  steam  railways  goes  merrily  on. 
Your  committee  is  inclined  to  think  that  there  is  danger  of  carrying 
this  to  an  extreme,  with  the  result  that  the  present  boom  will   be 
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followed  by  a  collapse  similar  to  the  periodical  depressions  which 
have  followed  the  overbuilding  of  steam  railways.  As  long  as 
times  are  flourishing,  money  is  plentiful,  and  plants  are  new,  the 
railways  spread  and  prosper;  but  with  fixed  charges  to  meet,  and 
deterioration  of  plant  to  be  provided  for  in  a  time  of  general 
depression,  it  seems  likely  that  many  of  the  projects  now  before 
the  public  will  have  difficulty  in  weathering  the  storm.  This  is 
more  particularly  true  of  such  lines  as  are  of  a  purely  speculative 
character,  often  paralleling  steam  roads  or  even  other  electric 
rosds  without  regard  to  traffic  conditions,  and  promoted  simply  to 
be  sold  out  to  persons  who  will  eventually  find  that  they  have 
bought  a  gold-brick  or  a  white  elephant.  The  latter  is  perhaps 
the  better  simile,  for  the  electric  road  involves  continual  expense 
for  operation  and.maintenance  whether  it  earns  anything  or  not. 
and  it  cannot  be  simply  thrown  aside  as  a  dead  loss.  Of  course, 
there  is  a  field,  and  a  large  field,  for  the  electric  interurban 
railway;  but  it  seems  wise  at  this  time  to  call  attention  to  the  fact 
that  the  electric  railway  bubble  is  being  blown,  and  will  collapse 
at  some  time  with  more  or  less  disastrous  results. 

In  nearly  all  these  railways,  motor  cars  are  used;  but  the  St. 
Louis  and  Illinois  Suburban  Ry.,  from  East  St.  Louis  to  Belle- 
ville, is  reported  to  operate  a  coal  and  freight  traffic  by  means  of 
fifty-ton  electric  locomotives,  each  having  four  motors  of  150  HP., 
and  being  able  to  haul  twelve  loaded  freight  cars.  At  present  the 
length  of  haul  is  twelve  miles,  but  an  extension  of  seventy  miles 
from  Belleville  to  Carbondale  is  projected  to  connect  with  another 
electric  road  known  as  the  Coal  Belt  Electric  Ry. 

Chicago  &*  Joliet  Electric  Railway.  The  city  of  Joliet  has 
within  the  past  year  been  connected  with  Chicago  by  the  Chicago 
&  Joliet  Electric  Railway  Company,  and  the  following  particulars 
of  the  road  will  be  of  interest  as  a  matter  of  record.  They  are 
taken  from  an  article  in  the  '^Engineering  News,"  written  by  a 
member  of  the  committee  after  an  examination  of  the  line  which 
was  opened  on  Sept.  25. 
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TRe  line  extends  from  the  Chicago  city  limits  to  the  Court 
House  at  Joliet»  a  distance  of  thirty-one  miles.  At  Chicago  con- 
nection is  made  with  the  Archer  Ave.  line  of  the  Chicago  City  Ry., 
but  no  through  cars  are  run  into  the  city.  At  Joliet  the  cars  pass 
over  the  line  of  the  existing  electric  railway.  A  branch  is  under 
construction  from  Summit  to  the  village  of  Lyons,  and  an  exten- 
sion to  Aurora,  111.,  is  projected. 

The  route  is  partly  through  an  agricultural  and  quarry  coun- 
try, and  partly  through  a  rolling  wooded  country.  Local  traffic 
along  the  line  has  developed  rapidly,  and  the  hourly  service  of 
through  cars  in  both  directions,  in  addition  to  cars  running  shorter 
distances,  is  much  more  convenient  than  that  of  the  steam  railway. 
The  cars  pass  through  the  main  streets  of  the  towns,  and  thus  take 
up  and  set  down  passengers  close  to  their  destinations.  The 
speed  is  as  high  as  twenty-five  to  thirty  miles  an  hour  at  times, 
the  maximum  speed  being  forty  miles  per  hour. 

The  line  is  largely  doubled  tracked  built  on  its  own  right-of- 
way,  but  there  is  some  single  track  alongside  of  the  public  road. 
It  parallels  the  line  of  the  Chicago  &  Alton  Ry.  for  a  part  of  the 
distance.  The  grades  and  curves  are,  as  a  rule,  easy,  but  there 
are  maximum  grades  of  five  per  cent.  400  feet  long,  going  north 
and  four  per  cent.,  200  feet  long,  going  south.  The  sharpest 
curve  outside  Joliet  is  one  of  150  feet  radius  near  the  northern 
limits  of  Lockport.  The  very  sharp  curves  are  protected  by  check 
rails.  There  are  a  few  plate-girder  bridges,  and  also  some  cul- 
verts, retaining  vfalls,  etc.,  built  of  the  local  limestone.  Outside 
of  the  towns  and  villages  the  track  is  laid  with  70-lb.  T-rails  of  the 
Am.  Soc.  C.  £.  section;  60-lb.  6-in.  T-rails  are  used  in  Joliet, 
and  73-lb.  7-in.  girder  rails  in  Lockport  and  Lemont.  The  70-lb. 
rails  are  laid  with  broken  joints,  spliced  with  six-bolt  angle  bars, 
and  fitted  with  9-inch  "Protected"  copper  bonds  under  the  angle 
bars.  There  are  fifteen  ties  to  each  30-ft.  rail  length,  and  the  line 
is  ballasted  with  broken  stone.  On  the  private  right-of-way  the 
rails  are  left  exposed,  but  in  the  road  a  paving  of  limestone  screen- 
ings is  filled   in  between   and  outside  of   the  rails.      The  single 
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track  portions  of  the  road  are  being  equipped  with  automatic 
electric  signals. 

The  cars  are  of  the  double-truck  pattern,  and  each  car  has  two 
compartments  and  a  toilet-room.  Some  of  the  cars  have  also  a 
baggage  compartment.  Each  car  is  equipped  with  the  Christensen 
air-brake  and  an  air-whistle  instead  of  a  gong,  and  there  is  a  lib- 
eral supply  of  electric  lamps,  including  powerful  electric  hedd- 
lights.  Each  car  has  four  electric  motors  of  40  HP.,  one  on  each 
axle,  geared  for  a  speed  of  forty  miles  an  hour.  The  cars  are  48 
feet  long  and  9  feet  wide,  and  seat  fifty  passengers.  They  weigh 
about  twenty-six  tons  loaded. 

Power  for  operating  this  railway  is  furnished  from  the  water 
power  and  electric  generating  plant  of  the  Economy  Light  &  Power 
Company,  at  Joliet.  This  is  transmitted  to  a  main  station  at 
Joliet,  and  thence  to  two  sub-stations  at  Lemont  and  Summit. 
The  Joliet  station  has  three  units,  each  consisting  of  an  induction 
motor  and  a  direct-connected,  continuous-current  generator  of  250 
K.  W.  There  is  also  a  storage  battery  of  400  K.  W.  capacity  at 
hour  rate.  The  induction  motor  is  of  360  HP.,  designed  for  a  cur- 
rent of  2,200  volts  and  85  amperes.  The  general  electric  gener- 
ator delivers  a  current  of  550  volts  at  no  load,  or  600  volts  at  full 
load.  The  Summit  sub-station  has  two  motor-generator  sets  sim- 
ilar to  the  above,  and  a  storage  batttery  of  300  K.  W.  capacity. 
The  Lemont  sub-station  has  one  motor-generator  set  similar  to 
the  others,  and  a  storage  battery  of  300  K.  W.  capacity.  The 
current  is  delivered  at  the  Joliet  station  at  3,300  volts,  sent  out  at 
15,000  volts  to  the  other  sub-stations,  and  transformed  down  to 
600  volts  for  the  trolley  wire.  The  trolley  wire  is  in  general  carried 
by  span  wires  between  side  poles,  but  on  part  of  the  line  center 
poles  with  brackets  are  used. 

Aurora,  Elgin  &*  Chicago  Electric  Railway,  This  road  is  of  a 
very  different  class  from  the  Chicago  &  Joliet  line,  being  a  long- 
distance, high-speed  line,  built  on  its  own  right-of-way,  with  a 
double  track,  and  operated  on  the  third-rail  system  instead  of  by 
trolley  wires.     In  Chicago  a  connection  will  be  made  at  about  58th 
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Street  with  the  Garfield  Park  line  of  the  Metropolitan  Electric 
Elevated  Railway,  and  the  new  road  will  run  west  from  that 
point.  Between  Elmhurst  and  Wheaton  it  will  largely  parallel 
the  Chicago  &  North-Western  Railway.  At  Wheaton  the  line 
forks,  one  branch  going  south  to  Aurora  and  the  other  north  to 
Elgin.  The  road  is  being  well  and  substantially  built,  and  is  laid 
with  80-lb.  rails.     The  power-house  will  be  at  Batavia. 

Rockford  &*  Belvidere  Electric  Railway,  This  is  a  country  line 
of  comparatively  light  construction.  It  forms  an  extension  of  the 
Rockford  city  line  to  Belvidere,  111.,  13^  miles,  paralleling  the 
Chicago  &  North- Western  Railway,  its  right-of-way  being  adjacent 
to  that  of  the  latter  road  for  about  half  the  distance.  As  on  many 
interurban  electric  roads,  the  location  was  governed  largely  by 
right-of-way  considerations.  The  maximum  grades  are  2  percent, 
in  the  direction  of  the  loaded  traffic,  and  3  per  cent,  in  the  oppo- 
site direction.  Freight  will  be  carried  and  a  large  milk  business 
is  expected.  The  sharpest  curves  are  of  200  feet  radius.  There 
are  five  plate  girder  bridges,  and  several  small  openings  spanned 
by  I-beams.  The  road  is  single-track,  laid  with  60-tb.  T-rails,  30 
feet  long,  spliced  with  Weber  joints.  It  has  double  pole  lines, 
with  span  wires  supporting  the  trolley  wires.  Power  is  furnished 
by  the  Rockford  Edison  Co.  Mr.  C.  C.  Stowell,  Past  President 
of  this  Society,  was  the  engineer. 

engineering  education  and  the  profession  of  engineering. 

A  few  years  ago  your  Committee  took  up  for  consideration  in 
its  report  the  question  of  education  in  the  technical  schools,  and 
we  again  report  on  this  subject,  with  particular  reference  to  the 
University  of  Illinois. 

In  no  profession  are  the  relations  so  intimate  and  cordial 
between  the  schools  that  teach  the  elements  and  lay  the  founda- 
tions for  future  success  and  the  men  in  practice,  as  in  the  profes- 
sion of  engineering.  No  young  man  is  now  thought  to  be  fully 
equipped  to  enter  any  of  the  different  branches  of  the  engineering 
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profession  until  after  he  has  completed  a  course  in  some  one  of  our 
high  grade  technical  schools. 

The  foundations  laid  in  college  must  be  laid  wide  and  deep  if 
the  future  engineer  expects  to  make  the  most  of  the  opportunities 
that  will  come  to  him  if  he  is  prepared  for  them.  The  engineer  in 
practice  who  has  failed  to  obtain  adequate  preparation  has  little 
time,  and  often  less  inclination,  to  take  up  mathematical  problems 
on  his  own  account;  and  he  must  confine  his  work  to  narrow 
limits  where  his  practical  knowledge  will  make  partial  amends  for 
his  lack  of  preparation.  The  chief  aim  of  an  engineering  college 
course  should  be  to  prepare  the  student  to  enter  the  profession 
of  engineering,  just  as  the  secondary  school  prepares  the  student 
to  enter  college;  in  oth^r  words,  fit  him  for  the  study  of 
engineering.  The  college  course  should  therefore  contain  the 
fundamental  mathematical  and  technical  subjects  to  develop  the' 
reasoning  power  of  the  student  and  to  give  him  a  grasp  of  his 
profession,  together  with  a  number  of  general  culture  subjects 
that  will  develop  the  artistic  side  of  his  nature  and  make  him 
broad  and  versatile.  Theoretical  subjects  should  be  illustrated  by 
practice  whenever  possible,  but  care  must  be  used  to  avoid  the 
teaching  of  manual  dexterity  at  the  expense  of  theoretical 
training. 

The  college  graduate  is  not  a  full-fledged  engineer,  but  is 
prepared  to  enter  the  ranks  and  work  up.  His  training  enables 
him  to  acquire  experience  accurately,  and  as  a  consequence  we 
see  many  young  college-trained  men  occupying  positions  that 
would  have  required  years  of  experience  for  untrained  men  to 
fill  acceptably,  if  at  all. 

A  well-rounded  engineering  course  must  be  developed  and 
built  up  to  fit  the  local  conditions  and  requirements  of  the  pro- 
fession. The  men  at  the  head  must  be  broad  gauge  men  with 
ability  to  plan  and  direct;  men  that  will  keep  alive  to  the  needs 
of  the  profession;  they  must  be  leaders  and  not  followers.  Tlie 
technical  schools  of  the   East  were  the  first  to  be  developed,  and 
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they  are  still  monuments  to  the  ability  and  judgment  of  their  foun- 
ders. The  conditions  in  the  West  and  Middle  West,  with  a  sparse 
population,  were  entirely  unlike  those  in  the  more  conservative 
East,  To  supply  the  place  of  the  endowed  technical  schools, 
charging  high  rates  of  tuition,  the  state  universities  have  been 
developed,  and  we  today  in  the  Middle  West  have  technical 
schools  that  are  not  surpassed.  Here  students  may  obtain,  at  a 
nominal  expense,  the  advantages  heretofore  enjoyed  only  by  the 
rich.  The  growth  and  development  of  these  technical  schools 
will  be  illustrated  by  taking  one  of  the  most  prominent  ones,  the 
Engineering  College  of  the  University  of  Illinois. 

The  Engineering  College  of  the  University  of  Illinois  contains 
Departments  of  Architecture,  Architectural  Engineering,  Civil 
Engineering,  Electrical  Engineering,  Mechanical  Engineering  and 
Municipal  and  Sanitary  Engineering.  The  instruction  in  mathe- 
matics and  general  culture  subjects  is  practically  the  same  in  all 
the  courses,  with  the  exception  of  the  architectural  course,  where 
less  work  is  given  in  mathematics.  The  technical  instruction  in 
the  different  courses  is  designed  to  best  fit  the  men  for  their 
respective  branches  of  the  engineering  profession. 

The  attendance  of  students  in  the  Engineering  College  has 
grown  from  a  half-dozen  students  in  1869  to  about  500  in  the  pres- 
ent year.  The  attendance  in  the  different  departments  for  the  last 
ten  years  is  given  in  Table  I;  and  the  attendance  in  the  different 
departments  by  classes  for  1899-00,  1900-01  and  1901-02,  is  given 
in  Table  II.  The  effect  of  the  financial  depression  in  1892-95  is 
shown  in  the  decrease  in  the  number  of  students  in  the  different 
departments  in  1895  to  1898.  The  Civil  Engineering  Department 
recovered  in  1897,  the  Mechanical  Engineering  Department  in 
1898-99,  while  the  students  in  the  Departments  of  Architecture 
and  Electrical  Engineering  continued  to  decrease  in  numbers  until 
1900-01.  The  continued  decrease  in  the  number  of  students  in 
the  Electrical  Engineering  Department  has  certainly  been  partly 
due  to  the  frequent  changes  in  the  head  of  the  Department.     The 
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decrease  in  the  number  of  students  in  the  Architectural  Depart- 
ment is  not  easy  to  explain;  however,  the  fact  that  the  time  de- 
voted to  mathematics  in  the  course  in  Architecture  was  reduced 
from  three  to  two  years  at  about  the  time  that  the  Civil  Engi- 
neering Department  began  to  recover  after  the  financial  depres- 
sion is  significant,  though  it  may  have  had  no  connection  with  the 
point  in  question.  It  is  also  interesting  in  this  connection  to  note 
that  the  mathematical  training  in  the  departments  has  been 
strengthened  about  in  proportion  to  the  relative  gain  in  the  num- 
ber of  students.  The  Municipal  and  Sanitary  Engineering  Course 
is  so  nearly  like  the  Civil  Engineering  Course  that  the  students 
might  well  be  classed  together  as  Civil  Engineering  students. 
Making  this  classification,  we  see  that  the  Civil  Engineering  stu- 
dents lack  only  one  of  numbering  as  many  as  the  Architectural 
and  Electrical  Engineering  students  together. 


TABLE  I. 


Attendance  in  Collbgb  of  Engineering  op  the  University  of  Illinois 

For  Ten  Years. 

(Exclusive  of  preparatory  students.) 


Year 

1892 
•93 

1893 
•94 

94 
73 

84 
48 

2 

301 

1894 
•95 

88 

73 

91 
66 

2 
320 

1895 
'96 

86 
64 

lOI 

66 
3 

320 

1896 
•97 

64 
72 
84 

57 
4 

281 

1897 
•98 

62 

77 
89 

49 

2 

279 

1898 
•99 

62 

79 

85 

74 

7 

307 

1899 
•00 

50 
96 

71 

85 
6 

308 

1900 
•01 

1901 
02 

Department 

Architecture 

89 

75 
58 

53 

I 

276 

64 
126 

91 

"4 

7 

412 

67 

«75 

"4 

143 

5 

Civil  Engineering 

Electrical  Engineering  . 
Mechanical  Engineering 
Mun'pal  and  San.  Eng. 

Total 

504 
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The  low  cost  of  living,  and  the  nominal  fees,  make  it  possible 
for  poor  boys  to  get  an  education.  A  census  of  the  engineering 
students  for  one  year  gave  percentages  having  fathers  with  voca- 
tions as  follows:  Merchants,  29  per  cent.;  farmers,  23  per  cent.; 
engineers,  8  per  cent. ;  clerks,  8  per  cent. ;  manufacturers,  con- 
tractors a^nd  mechanics,  each  5  per  cent. ;  real  estate  and  insurance, 
4  percent.;  ministers,  3  per  cent.;  teachers,  2  per  cent.;  miscel- 
laneous, 5  per  cent. ;  not  given,  3  per  cent. 

The  students  after  graduating  obtain  positions,  for  the  most 
part,  in  line  with  their  work  in  college.  The  greater  part  accept 
salaried  positions  at  the  start,  although  quite  a  number  of  the 
Architectural  graduates  open  up  offices  at  once.  Civil  Engineering 
graduates  seem  to  obtain  positions  paying  the  largest  beginning 
salaries,  and  usually  advance  the  most  rapidly.  Graduates  of  all 
the  departments  go  into  Structural  Engineering.  Civil  Engi- 
neering graduates  are  attracted  most  to  Railway  Engineering,  al- 
though the  number  going  into  Structural  Engineering  is  increasing 
very  rapidly.  The  demand  for  engineering  graduates  is  so  large 
in  all  the  departments  at  present  that  it  is  impossible  to  supply 
the  demand.  Six  to  eight  years  ago  the  best  students  only  in  the 
graduating  classes  obtained  desirable  positions;  now  all  obtain  de- 
sirable positions  without  difficulty. 

TABLE  III. 

NuMBBR  OF  Graduates  in  thi  College  of  Engineering  of  the  University 
OF  Illinois  for  Five  Years,  and  the  Number  Now  (1902) 

IN  THE  Profession. 


1895-6 

1896-7 

1897-8 

1898-9 

X899-0 

Number  in  profession 

'I 

41 

4 

43 
0 

45 
0 

38 

z 

Number  in  other  vocations 

Total 

38 

45 

43 

45 

39 
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The  number  of  graduates  from  the  College  of  Eugineering  for 
each  year  and  the  number  now  employed  in  the  profession  for  the 
last  five  years  are  shown  in  Table  III.  This  is  an  excellent  showing 
and  speaks  well  for  the  reputation  of  the  University  of  Illinois  and 
shows  the  direct  connection  between  financial  and  industrial 
progress  and  the  profession  of  engineering. 

In  conclusion  your  Committee  wishes  to  say  that  it  has  been » 
successful  in  obtaining  some  interesting  papers  on  railway  sub- 
jects and  hopes  that  this  branch  of  the  profession  will  continue  to 
be  well  represented  in  the  proceedings  of  the  Society. 

E.  E.  R.  Tratman, 
L.  P.  Atwood, 
M.  S.  Ketchum. 
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HOW  CAN  THE  RUSTING  OF  NAILS  AND  SPIKES  IN 
EXPOSED  PLACES  BE  CHECKED? 


DISCUSSION. 

Mr.  a.  L.  Kuehn:  The  government  galvanizes  nails  and 
spikes  exposed  to  the  action  of  sea  water  and  obtains  good  results. 

Mr.  J.  L.  Clark:  It  is  claimed  that  a  steel  nail  will  rust 
quicker  than  one  made  of  iron.  What  is  the  reason  for  this,  if  it 
is  so? 

Prof.  A.  N.  Talbot:  Contractors  say  that  steel  will  rust 
quicker  than  iron.  The  speaker  cannot  say  why  this  is  so,  but  it 
is  probably  because  the  iron  is  softer. 

Mr.  L.  K.  Sherman:  The  question  of  the  rusting  of  iron  and 
steel  nails  was  investigated  by  the  Massachusetts  Factory  Inspec- 
tors' Association.  Their  inspectors  came  to  a  very  decided  con- 
clusion that  iron  nails  were  preferable  to  steel,  as  far  as  rusting 
was  concerned. 


^ 
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STEEL  FRAME  MILL  BUILDINGS. 


BY  MILO  5.   RETCHUM. 


LOADS. 

Imtkoduction.  a  steel  frame  mill  building  consists  of  a  self- 
supporting  steel  frame  composed  of  transverse  bents  firmly  braced 
by  means  of  purlins,  girts  and  diagonal  braces  ;  the  entire  frame- 
work being  covered  with  a  fireproof  covering  usually  composed 
wholly  or  in  part  of  corrugated  iron  or  steel. 


The  usual  arrangement  of  the  framework  is  as  shown  in  (a) 
Fig.  I.  An  intermediate  transverse  bent,  (b)  Fig.  i,  consists  of 
a  steel  roof  truss  supported  at  its  ends  on  steel  posts  which  are 
anchored  to  the  foundations,  and  is  made  rigid  by  knee  braces. 
The  end  bents  are  usually  made  by  running  the  end  posts  up  to 
the  end  rafters.     If  an  extension  is  contemplated  a  truss  bent  may 
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be  used,  although  the  end  post  bent  is  equally  satisfactory,  being 
simply  moved  ahead  to  make  the  end  of  the  extension. 

The  building  is  firmly  braced  transversely  by  means  of  bracing 
in  the  planes  of  the  upper  and  lower  chords  and  the  end  bents, 
and  by  knee  braces;  and  longitudinally  by  means  of  bracing  in  the 
sides  and  the  planes  of  the  upper  and  lower  chords  see  (Fig.  13). 

The  roof  covering  is  supported  on  steel  purlins  placed  at  right 
angles  to  the  end  rafters  and  upper  chords  of  the  trusses.  The 
side  covering  is  fastened  to  steel  girts  which  are  fastened  to  the 
side  and  end  posts.  Where  warmth  is  desired  the  sides  and  roof 
are  lined.  The  monitor  ventilator  shown  in  Fig.  i,  is  sometimes 
omitted,  one  or  more  circular  ventilators  being  used  instead.  The 
glass  shown  in  the  sides  of  the  ventilator  in  (c)  Fig.  i,  is  some- 
times replaced  by  louvres  and  is  sometimes  omitted,  the  space 
being  left  entirely  open. 

Mill  buildings  are  also  made  (2)  by  supporting  the  roof  trusses 
on  brick,  stone  or  concrete  walls,  and  (3)  by  filling  in  the  spaces 
between  the  columns  of  a  steel  frame  mill  building  with  a  light 
brick,  stone  or  concrete  wall.  When  the  latter  type  of  building 
is  used  the  bracing  in  the  walls  is  usually  omitted.  The  discussion 
of  the  steel  frame  mill  building  will  include  practically  all  the 
problems  and  details  arising  in  the  design  of  mill  buildings  with 
masonry  walls  or  with  masonry  filled  walls.  Types  (2)  and  (3) 
are  often  chosen  in  preference  to  the  steel  frame  mill  building  on 
account  of  the  supposed  difBculty  in  heating  the  latter. 

Types  of  Buildings.  The  mill  building  shown  in  Fig.  i  is 
the  simplest  form  and  would  be  used  for  smelters,  boiler  houses, 
engine  houses,  machine  shops  and  for  similar  uses.  There  are 
many  types  and  forms  used  for  different,  purposes;  however,  the 
discussion  of  the  simple  form  will  include  most  of  the  details  and 
problems  arising  in  the  complicated  forms. 

LOADS.  The  loads  to  be  provided  for  in  designing  a  mill 
building  will  depend  to  a  large  degree  upon  the  use  to  which  the 
finished  structure  is  to  be  put.     The  loads  may  be  classed  under 


Steel  Frame  Mill  Buildings — Ketchum.  79 

(i)  dead  loads;  (2)  snow  loads;  (3)  wind  loads;  (4)  miscellaneous 
loads.  Concentrated  floor  and  roof  loads,  girder  and  gib  crane, 
and  miscellaneous  loads  should  receive  special  attention,  and 
proper  provision  should  be  made  in  each  case.  No  general 
solution  can  be  given  for  providing  for  miscellaneous  loads,  but 
each  problem  must  be  worked  out  to  suit  local  conditions. 

Dead  Loads.  Dead  loads  may  be  divided  into  (a)  weight 
of  structure;  (b)  concentrated   loads. 

The  weight  of  the  structure  may  be  divided  into  (i)  the 
weight  of  the  roof  trusses;  (2)  the  weight  of  the  roof  covering; 
(3)  the  weight  of  the  purlins  and  bracing;  (4)  the  weight  of  the 
side  and  end  walls.  The  first  three  items,  together  with  the 
concentrated  roof  loads,  constitute  the  dead  loads  used  in 
designing  the  trusses. 

The  weight  of  a  mill  building  varies  so  much  that  it  is  not 
possible  to  give  anything  more  than  approximate  values  for  the 
different  items  which  go  to  make  up  the  dead  load.  The  following 
data  will,  however,  materially  assist  the  designer  in  arriving  at 
approximately  the  proper  dead  load  to  assume  for  computing 
stresses,  and  the  approximate  weight  of  metal  to  use  as  a  basis 
for  preliminary  estimates. 

Weight  of  roof  trusses.  The  weight  of  roof  trusses  varies 
with  the  span,  the  distance  between  trusses,  the  load  carried  or 
capacity  of  the  truss,  and  the  pitch. 

The  empirical  formula, 

P    A    T    I,    ^  L  \  (I) 


W  =  —A 
45 


'■[^^tH 


where 

^=weight  of  steel  roof  truss  in  pounds 

/'=capacity  of  truss  in  pounds  per  sq.  feet  of  horizontal  pro- 
jection of  roof  (30  to  60  lbs.) 

^=:distance  center  to  center  of  trusses  (8  to  24  feet) 

Z=span  of  truss  in  feet 
was   deduced    by   the  writer  from    the   computed   and   shipping 
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weights  of  trusses  without  ventilators.  The  trusses  were  riveted 
fink  trusses  with  purlins  placed  at  panel  points,  and  were  made 
up  of  angles  with  conoecting  plates;  minimum  size  of  angles  a"  x 
a"  X  }^",  minimum  thickness  of  plates  }^". 

The  trusses  whose  weights  were  used  in  deducing  this  form- 
ula had  a  pitch  of  ^  (6"  inn"),  but  the  formula  gives  quite 
accurate  results  for  trusses  having  a  pitch  of  ^  or  ^.  The 
trusses  were  designed  for  a  tensile  stress  of  ijooo  lbs.  per  square 


Length  of  5pon  of  Tnjas.  L  ,  Ft. 

Fig.  2.     Weight  of  Roof  Trusses  for  a  capacity  of  40 
lbs.  per  square  foot. 
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inch  and  a  compressive  stress  of  15000— js—  "'s.  per  square 
inch,  where  /^  length  and  r  =  the  radius  of  gyration  of  the 
member,  both  in  inches. 

The  weights  of  steel  roof  trusses  for  a  capacity,  P,  of  40  lbs. 
per  sq.  ft.  for  different  spacings  is  given  in  Fig.  3.  The  weights 
of  trusses  for  other  capacities  can  be  obtained  by  multiplying  the 
tabular  values  by  the  ratio  of  the  capacities. 

Dividing  (i)  by  *4  Z  we  have  the  weight  of  roof  truss,  W„ 
per  sq.  ft.  of  horizontal  projection  of  the  roof. 

The  weights  of  steel  roof  trusses  per  square  foot  of  horizontal 
projection  of  roof  for  a  capacity,  P,  of  40  lbs.  per  sq.  ft.  it 
given  in  Fig.  3. 


Letiqtn  at  Span  ot  TruM.  L,  iii  T«et. 

Fig.   3.     Weight    of    Roof   Trusses   per   square   foot   of 
horizontal   frojectton   for   a   capacity  of  40   lbs.  per  square 
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Weight  of  purlins f  girts,  bracing  and  columns.  Steel  purlins 
will  weigh  from  i  ^  to  4  pounds  per  square  foot  of  area  covered, 
depending  upon  the  spacing  and  the  capacity  of  the  trusses,  and 
the  snow  load.  If  possible  the  actual  weight  of  the  purlins  should 
be  calculated.  Girts  and  window  framing  will  weigh  from  2  to  5 
lbs.  per  square  foot  of  net  surface.  Bracing  is  quite  a  variable 
quantity.  The  bracing  in  the  planes  of  the  upper  and  lower 
chords  will  vary  from  ^  to  ^  pound  per  square  foot  of  area.  The 
side  and  end  bracing,  eave  struts  and  columns  will  weigh  about 
the  same  per  square  foot  of  surface  as  the  trusses. 

Weight  of  Covering,  The  weight  of  corrugated  iron  or  steel 
covering  varies  from  i  ^  to  3  pounds  per  square  foot  of  area  (see 
Fig.  19).  In  estimating  the  weight  of  corrugated  steel  allow 
about  25  per  cent  for  laps  where  two  corrugations  side  lap  and  6 
inches  end  lap  are  required,  and  about  15  per  cent  for  laps 
where  one  corrugation  side  lap  and  4  inches  end  lap  are  required. 
Nos.  20  and  22  corrugated  steel  are  commonly  used  on  the  roof 
and  Nos.  22  and  24  on  the  sides.  Slate,  without  sheathing,  3-16 
to  ^  of  an  inch  thick  weighs  from  7  to  9  lbs.  per  square  foot,  and 
terra  cotta  tile,  without  sheathing,  weighs  from  8  to  10  lbs.  per 
square  foot.  Pine  sheathing,  where  used,  should  be  figured  at  3 
pounds  per  foot  B.  M. 

Weight  of  Structure,  The  weight  of  the  roof  can  now  be 
found.  A  very  close  approximation  to  the  weight  of  the  steel  in 
the  entire  structure,  where  no  sheathing  is  used  and  the  same 
weight  of  corrugated  iron  is  used  on  sides  as  on  roofs,  may  be 
found  as  follows:  Take  the  sum  of  the  horizontal  projection  of 
the  roof  and  the  net  surface  of  the  sides  and  ends,  after  subtracting 
one-half  of  the  area  of  the  windows,  wooden « doors  and  clear 
Openings;  multiply  the  sum  of  these  areas  by  the  weight  per  square 
foot  of  the  horizontal  projection  of  the  roof,  and  the  product  will 
be  the  approximate  weight  of  the  steel  in  the  structure. 

Snow  Loads.  The  annual  snowfall  in  different  localities  is  a 
function  of  the  humidity  and  the  latitude  and  is  quite  a  variable 
quantity.     The  amount  on   the  ground   at  one  time  is  still  more 
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variable;  in  the  Lake  Superior  regions  very  little  of  the  sdow  melts, 
and  almost  the  entire  annual  snowfall  is  frequently  on  the  ground 
at  one  time;  while  on  the  other  hand  in  the  same  latitude  in  the 
Rocky  Mountains  the  dry  winds  evaporate  the  snow  in  even  the 
coldest  weather  and  a  less  proportion  accumulates.  In  latitudes 
of  35  to  4.5  degrees  the  heavy  snowfalls  are  often  followed  by  a 
sleeting  rain,  and  the  snow  and  ice  load  on  roofs  sometimes  nearly 
equals  the  weight  of  the  annual  snowfall. 

From  the  records  of  the  snowfall  tor  the  past  ten  years  as 
given  in  the  reports  of  the  U.  S.  Weather  Bureau  and  data 
obtained  by  the  writer  by  personal  experience,  in  British  Colum- 
bia, Montana,  the  Lake  Superior  region  and  central  Illinois  the 
writer  presents  the  values  given  in  Fig.  4  for  snow  loads  for  roofs 
of  different  inclinations  in  different  latitudes.  For  the  Pacific 
coast  and  localities  with  low  humidity,  take  one-half  of  the  values 
given.  The  weight  of  newly  fallen  snow  was  taken  at  5  lbs.  and 
packed  snow  at  12  lbs.  per  cubic  foot. 

A  high  wind  may  follow  a  heavy  sleet  and  in  designing  the 
trusses  the  writer  would  recommend  the  use  of  a  minimum  snow 
and  ice  load  as  given  in  Fig.  4  for  all  slopes  of  roofs.     The  maxi- 
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mum  stresses  due  to  the  sum  of  this  snow  load,  the  dead  and  wind 
loads;  the  dead  and  the  wind  loads;  or  of  the  maximum  snow  load 
and  the  dead  load  being  used  in  designing  the  members. 

Wind  Load.  The  wind  pressure  normal  to  the  direction  of 
the  wind  {P)  in  pounds  per  square  foot  on  a  flat  surface  for  any 
given  wind  velocity  (V)  in  miles  per  hour  is  given  quite  accurately 
by  the  formula 

p  =  .0004  r*  (3) 

The  pressure  on  other  surfaces  may  be  taken  as  follows:  80 
per  cen  ton  a  rectangular  building;  60  per  cent  on  the  convex 
side  of  cylinders;  115  to  130  per  cent  on  the  concave  side  of  cylin- 
ders, channels  and  flat  cups;  and  130  to  170  per  cent  on  the  con- 
cave side  of  spheres  and  deep  cups. 

The  pressure  on  buildings  normal  to  the  direction  of  the  wind 
is  usually  taken  as  30  pounds  per  square  foot,  equivalent  to  P 
equals  37 J^  pounds  in  formula  (3).  This  would  give  a  velocity  of 
the  wind  of  96  miles  per  hour,  which  would  seem  to  be  sufficient 
for  all  except  the  most  exposed  positions.  The  records  of  the  U. 
S.  Weather  Bureau  for  the  last  ten  years  show  only  one  instance  of 
where  the  wind  pressure  as  recorded  by  the  anemometer  was  more 
than  90  miles  per  hour.  The  wind  is  usually  considered  as  acting 
horizontally. 

The  normal  component  of  the  wind  pressure  on  an  inclined 
surface  has  usually  been  computed  by  Hutton's  empirical  formula 

r^  r>  o-      ..     1.842  Cos  A — I 

P^=  P  Sm  A         ^  (4) 

where  P^  equals  the  normal  component  of  the  wind  pressure,  P 

equals  the  pressure  per  square  foot  on  a  vertical  surface,  and  A 
equals  the  angle  of  the  inclination  of  the  surface  with  the  horizontal. 
The  formula  due  to  Duchemin 

p    _  p       2  Sin  A  (S) 

"~       I   +  Sin^  A 

where  P^   P  and  A  are  the  same  as  in  (4),  gives  results  consider- 
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ably  larger  for  ordinary  roofs  than  Mutton's  formula,   and  is  com- 
ing into  quite  general  use. 
The  formula 

45 
where  P^  and  P  are  the  same  as  in  (4)  and  (5),  and  A  is  the  angle 
of  inclination  of  the  surface  in  degrees  (<4   being  equal  to  or  less 
than  45'),  gives  results  which   agree  very  closely  with   Hutton's 
formula. 

The  values  of  P^  as  obtained  by  Hutton's,  Duchemin's  and 
the  Straight  Line  formulas  are  given  in  Fig.  5,  for  P  equals  20,  30 
and  40  pounds. 


^^(  Enposed  Rwl  moKtiwiihHorimrtal  in  Deqrees.!*, 

Normal  Wind  Load  on  Roof  According  to  Dikferei 
Formulas. 
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It  is  interesting  to  note  that  Duchemin's  formula  with  P 
equals  30  pounds  gives  practically  the  same  values  for  roofs  of 
ordinary  inclination  as  is  given  by  Hutton's  formula  with  P 
equals  40  pounds. 

Duchemin  has  also  deduced  the  formula 

p   __  p       2  Sin^  A  C7) 

*  "■       I   +  Sin^   A 

where  P^^  in  (7)  equals  the  pressure  parallel  to  the  direction  of  the 

wind;  and 

p  _  p  2  Sin  A  Cos  A  (8) 

'  ""        I  +  Sin''  A 

where  Pi  in  (8)  equals  the  pressure  at  right  angles  to  the  direction 
of  the  wind.  -P/  may  be  an  uplifting,  a  depressing,  or  a  side  pres- 
sure. With  an  open  shed  in  exposed  positions  the  uplifting  effect 
of  the  wind  often  requires  attention.  In  that  case  the  wind  should 
be  taken  normal  to  the  inner  surface  of  the  building  on  the  leeward 
side,  and  the  uplifting  force  determined  by  using  formula  (8). 

If  the  gables  are  closed  a  deep  cup  is  formed,  and  the  normal 
pressure  should  be  increased  30  to  70  per  cent.  That  the  uplifting 
force  of  the  wind  is  often  considerable  in  exposed  localities  is 
made  evident  by  the  fact  that  highway  bridges  are  occasionally 
wrecked  by  the  wind.  The  most  interesting  example  known  to  the 
writer  is  that  of  a  100- foot  span  combination  bridge  in  North- 
western Montana  which  was  picked  up  bodily  by  the  wind,  turned 
about  90  degrees  in  azimuth,  and  dropped  into  the  middle  of  the 
river.  The  end  bolsters  were  torn  loose  although  drift-bolted  to 
the  abutments. 

The  wind  pressure  is  not  a  steady  pressure,  but  varies  in  in- 
tensity, thus  causing  excessive  vibrations  which  cause  the  struct- 
ure to  rock  if  the  bracing  is  not  rigid.  The  bracing  in  mill 
buildings  should  be  designed  for  initial  tension,  so  that  the  build- 
ing will  be  rigid.  Rigidity  is  of  more  importance  than  strength  in 
mill  buildings. 
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CHAPTER    II. 


CALCULATION    OF    STRESSES. 

Introduction.  The  stresses  in  the  framework  of  a  mill 
building  are  due  to  (i)  the  dead  load;  (2)  the  snow  load;  (3)  the 
wind  load;  and  (4)  concentrated  and  moving  loads.  The  stresses 
due  to  dead,  snow  and  wind  loads  in  a  transverse  bent  will  be 
taken  up  and  discussed  in  the  order  given.  The  stresses  in  the 
bracing  are  principally  due  to  wind  loads.  The  effect  of  con. 
centrated  and  moving  loads  will  be  omitted  from  the  discussion 
on  account  of  lack  of  space  and  diversity  of  conditions  that  may 
occur  in  practice. 

Dead  Load  Stresses.  The  dead  load  is  usually  con- 
sidered as  being  applied  in  joint  loads  at  the  panel  points  of 
the  upper  chord  for  computing  stresses  in  the  roof  truss,  and  at 
the  top  of  the  columns  for  designing  the  columns.  If  the  purlins 
do  not  come  at  the  panel  points  the  upper  chord  will  have  to  be 
designed  for  both  direct  stress  and  stress  due  to  flexure.  The 
stresses  due  to  the  dead  load  in  the  trusses  of  a  mill  building  are 
the  same  as  if  the  trusses  were  supported  on  solid  walls.  The 
stresses  in  the  supporting  columns  are.due  to  the  dead  load  of  the 
roof  and  the  part  of  the  side  walls  supported  by  the  columns,  and 
are  direct  compressive  stresses  if  the  columns  are  not  fixed  at  the 
top.  The  dead  load  produces  no  stress  in  the  knee  braces  of  a 
bent  of  the  type  shown  in  (b)  Fig.  i  except  that  due  to  deflection 
of  the  truss,  which  may  be  omitted.  The  stresses  may  be  com- 
puted by  algebraic  or  graphical  methods.  The  ordinary  algebraic 
methods  are  (i)  algebraic  resolution  and  (2)  algebraic  moments. 
These  methods  are  familiar  and  will  not  be  discussed  further.  The 
most  common  graphical  method  is  graphical  resolution,  also  called 
the  reciprocal  polygon  method.  This  method  is  illustrated  in 
Fig.  8. 
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than  the  bending  moment  developed  at  the  base  of  the  windward 
column  when  the  columns  are  considered  as  fixed,  the  columns  will 
be  fixed  without  anchor  bolts.  In  any  case  the  resultant  moment  is 
all  that  will  be  taken  by  the  anchor  bolts.  The  dead  load  stresses 
in  mill  buildings  are  seldom  sufficient  to  give  material  assistance 
in  fixing  the  columns.  Unless  great  care  is  used  in  anchoring 
columns  it  is  best  to  design  mill  buildings  for  columns  hinged  at 
the  base. 

The  general  problem  of  stresses  in  a  transverse  bent  for  Case 
I  and  Case  II  will  now  be  considered,  in  which  the  stresses  and 
forces  will  be  determined  by  algebraic  methods.  The  application 
of  the  general  problem  will  be  further  explained  by  the  graphical 
solution  of  a  particular  problem. 

ALGEBRAIC  CALCULATION  OF  STRESSES. 
Case  I.     Columns  Free  to  Turn  at  Base  and  Top. 

In  Fig.  6t  H=  J^  =  ^=  horizontal  reactions  at   the  base 

2 

of  the  columns  due  to  external  wind  force  W, 
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Vz=z  —  V^  =  ^  ^  =z  vertical  reaction  at  base  of  column  due 


2  s 


to  the  wind  force  IV, 
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The  wind  produces  bending  in  the  columns,  and  also  the  direct 
stresses  Fand  F^.  Maximum  bending  occurs  at  the  foot  of  the 
knee  brace  and  is  equal  to  (If  —  IV^) d  on  the  windward  side, 
and  H^  doTL  the  leeward  side.  These  bending  moments  are  the 
same  as  the  bending  moments  in  a  simple  beam  supported  at  both 
ends  and  loaded  with  a  concentrated  load  at  the  point  of  maximum 
moment.  Since  the  maximum  moment  occurs  at  the  foot  of 
the  knee  brace  in  the  leeward  column,  we  will  consider  only  that 
side.  We  will  assume  that  the  leeward  column  (b),  Fig.  6,  acts  as 
a  simple  beam  with  reactions  H^  and  C  and  a  concentrated  load 
B,  as  in  (c),  Fig.  6.  The  reaction  C  and  load  B  will  now  be  cal- 
culated. 

From  the  fundamental  equation  of  equilibrium,  summation 
horizontal  forces  equal  zero,  we  have 

B  =  H'—  C  (9) 

Taking  moments  about  b,  we  have 

C  (^h  ---  d)  =  H^  d 

r_^H^d        *  (lo) 

The  stresses  K^  U  and  L  can  be  computed  by  means  of  the 
following  formulas: 

K  =  B  cosecant  m  (i  i) 

where  tn  =  angle  knee  brace  makes  with  column 

U  =  {F^  —  K cos  m,  cosecant  n  (la) 

where  n  =  angle  of  pitch  of  roof 

L  =  C —  U  cos  n  (13) 

In  calculating  the  corresponding  stresses  on  the  windward 
side,  the  wind  components  acting  at  the  points  (a),  (b)  and  (c) 
must  be  subtracted  from  ff,  B  and  C 

The  shear  in  the  leeward  column  is  equal  to  H^  below  and  C 
above  the  foot  of  the  knee  brace  (d).  Fig.  6. 

The  moment  in  the  column  is  shown  in  (e).  Fig.  6,  and  is  a 
maximum  at  the  foot  of  the  knee  brace  and  is  equal  to  H^  d. 
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The  maximum  fibre  stress  due  to  wind  moment  and  direct 
loading  in  the  columns  will  occur  at  the  foot  of  the  knee  brace  in 
the  leeward  column,  and  will  be  compression  on  the  inside  and 
tension  on  the  outside  fibres,  and  is  given  by  the  formula 

/2  -r  /i  —   A^         PJ^ 

10  E 

where /j  =  maximum  fibre  stress  due  to  flexure 
/j  =  fibre  stress  due  to  direct  load  P 
A  =  area  of  cross  section  of  column  in  square  inches 
M  =  bending  moment  in  inch  pounds  =  If^  d 
y  =  distance  from  neutral  axis  to  extreme  fibre  of  column 

in  inches 
/=  Moment  of  Inertia  of  column  about  an  axis  at  right 

angles  to  the  direction  of  the  wind 
P  =  direct  compression  in  the  column  in  pounds 
/t  =  length  of  the  column  in  inches 
£  =  the  modulus  of  elasticity  of  steel  =  28,000,000 

The  maximum  compressive  wind  stress  is  added  to  the  direct 
dead  and  minimum  snow  load  compression  and  governs  the  de- 
sign of  the  column. 

Having  the  stresses  Ji^,  U,  and  Z,  the  remaining  stresses  in 
the  truss  can  be  obtained  by  ordinary  algebraic  or  graphical 
processes. 

For  a  simple  graphical  solution  of  the  stresses  in  a  bent  for 
Case  I,  in  which  these  stresses  are  computed  graphically,  see  Fig. 
9  for  wind  horizontal,  and  Fig.  11  for  wind  normal  to  all  surfaces. 

Case  II.     Columns  Fixed  at  the  Base. 

With  columns  fixed  at  the  base  the  columns  may  be  (i) 
hinged  at  the  top,  or  (2)  rigidly  fixed  to  the  truss. 

(7)  Columns  fixed  at  the  base  and  hinged  at  the  top.  It  will  be 
further  assumed  that  the  deflection  at  the  foot  of  the  knee  brace 
and  the  top  of  the  column,  Fig.  7,  are  equal. 
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In  Fig.  7  we  have  as  in  Case  I 

H  =  H'^  =  — 

2 

r'and  V^  are^ot  as  easily  found  as  in  Case  I,  but  will  be  cal- 
culated presently. 

The  leeward  column  will  be  considered  and  will  have  horizon- 
tal external  forces  acting  on  it  as  shown  in  (c)  Fig.  7.  For  con- 
venience we  will  consider  the  leeward  column  as  a  beam  fixed  at 
a  and  acted  upon  by  the  horizontal  forces  B  and  C  as  shown  in  (c) 
Fig.  7;  the  deflection  of  the  points  b  and  c  being  equal  by 
hypothesis. 

From  the  fundamental  condition  of  equilibrium,  summation 
horizontal  forces  equal  zero,  we  have 

B=H'  +  C  (15) 

To  obtain  B  and  C  a  second  equation  is  necessary. 

From  the  theory  of  flexure  we  have  for  the  bending  moment 
in  the  column  at  any  point  y^  where  the  origin  is  taken  at  the  base 
of  the  column,  when^  ^  d 


M=EI 


d^  X 
d  y^ 


=  B{d-y)-C{^h—y) 


Ci6) 


Integrating  (^16)  between  the  limits  _y=  0  and^'  =  d,  we  have 

dx        Tr,,  B  v^        ^,       ,     Cv^    ,     ^^y=d 

y=zo 

(17) 


EI^  =  [Bdy    -If^CHy-^    ¥  +  ^]  ^  = 


^-cU.-eyiii 
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Now  (17)  equals  E  /times  the  angular  change  in  the  direction  of 
the  neutral  axis  of  the  column  from  y  =  0  io  y  =1  d. 
When  >>  "^  ^/ we  have 

a  y^  ^ 

Integrating  (18)  we  have 

ay  2  * 

Now  (19)  equals  E  I  times  the  change  in  direction  of  the 
neutral  axis  of  the  column  at  any  point  from  y  =z  d  to  y  =  h. 

To  determine  the  constant  F^  in  (19)  we  have  the  condition 

that  the  angle  at  y  =:  d  must   be   the  same  whether   determined 

from  equation  (17)  or  equation  (19).     Equating  (17)  and  (19)  and 

making  J/  =  d,  we  have 

yr   =  lAl  (20) 

*  2 

Sub;5tituting  this  value  of  F^  in  (19)  we  have 

d  y  •^22 

Integrating  (21)  between  the  limits  j^  =  d  and_y  =  A,  we  have 

L  2  6  2     \  y  ^=  d 

Now  (22)  equals  E  I  times  the  deflection  of  the  column  from 
y  =z  d  to  y  z=  hf  which  equals  zero  by  hypothesis. 
Solving  (22)  we  have 

C  _  3^»>^_  3^» 

B       —  3>4//^  +  //•  +  2  >4* 

=  3^^  (^3) 

2h''  -\-  2dh  —  d^ 

In  a  beam  fixed  at  one  end  there  is  a  point  of  inflection  at 
some  point  between  y  :=  0  and  y  =  d  where  the  bending  moment 
equals  zero.  Now  if  ^^  ^  equals  the  value  of  y  for  the  point  of 
inflection,  we  have  from  (16) 
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B{d  —  yo)  =  C(ih—y,)aind 

_£  _       ^-y  o  (24) 

B  h-y. 

Equating  the  second  members  of  equations  (23)  and  (24)  and 
solving  for>'^,  we  have 

(25) 


To  find  the  relations  between  ^^  and  d,  we  will  substitute  h  in 
terms  of  //in  (25)  and  solve  for  j/^  . 

For       '^  =2»  -^^  "=  i^ 

d  =\h,  y^=\d 

3  7 

d  =  h,  y^  =  ^d 

Solving  (15)  and  (23)  for  C,  we  have 

C-^  3^'  (26) 

2    (>4  —  //)  (A  +  2  //) 

To  find  the  moment  Afi,  at  the  base  of  the  leeward  column, 
we  have  from  (16) 

Mg,  =B  d—  Ch 

Substituting  the  value  of  B  given  in  (15)  we  have 

Mt,=H^  d-\-  Cd—  Ch  (i6a) 

Eliminating  h  and  d  by  means  of  (25)  and  (26)  we  have 
finally 

M,=ff'yo  (27) 

In  like  manner  it  can  be  shown  that  the  moment  at  the  base 

of  the  windward  column  is 

.,           TT            ^d^  (27a) 

Mf,^  =H yo g-  ^  '  ^ 

where  w  equals  the  wind  load  per  foot  of  height. 

To  find  F  we  will  take  moments  about  the  leeward  column. 
The  moments  M^,  and  Mi,^  at  the  bases  of  the  columns  respectively, 
resist  overturning  and  we  have 
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since       rr tt/  / 

2 

Now  if  -  is  taken  equal  to  y  oV/e  have  after  transposing 
V=-V'=l[2H-wyo'\     [- 


(29) 


2 

It  will  be  seen  that  (29)  is  the  same  value  of  V  and  V^  that 
we  would  obtain  if  the  bent  were  hinged  at  the  point  of  contra- 
flexure. 

From  (^27)  and  (29)  it  will  be  seen  that  we  can  consider  the 
columns  as  hinged  at  the  point  of  contraflexure  and  solve  the 
problem  as  in  Case  I,  taking  into  account  the  wind  above  the 
point  of  contraflexure  only.  The  maximum  shear  in  the  column  is 
shown  in  (d)  Fig.  7. 

The  maximum  positive  moment  occurs  at  the  foot  of  the 
leeward  knee  brace  and  is  Mj^  =  B  {d — y^))  the  maximum  nega- 
tive moment  occurs  at  the  base  of  the  leeward  column  and  is 
equal  to  Mf,  =  Jfyo' 

The  maximum  compressive  stress  occurs  at  either  the  base  of 
the  column  or  the  foot  of  the  knee  brace,  and  is  given  by  the 
following  formula: 

yr      ,     yr    _  -^    ,  My  (14a) 

24  E 
The  nomenclature  being  the  same  as  for  (14)  except  h  which 
is  the  distance  in  inches  from  the  point  of  contra  flexure  to  the  top 
of  the  column. 

(2)     Columns  fixed  at  the  base  and  top. 

In  this  case  it  can  be  seen  by  inspection  that  the  point  of 

inflection  is  at  a  point  ^^  :=  -  and  we  have  for  this  case 

B  =  H'  +  C  (15a) 
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2{h  —  d) 

It  is  difficult  to  realize  the  exact  conditions  in  either  i^i)  or  (2), 
in  Case  II,  and  it  is  probable  that  when  an  attempt  is  made  to  fix 
columns  at  the  base,  the  actual  conditions  lie  some  place  between 
(i)  and  (2).     It  would  therefore  seem  reasonable  to  assume  the 

minimum  value,  y^  =  -  as  the  best  value  to  use  in  practice.     This 

assumption  is  commonly  made  and  will  be  made  in  the  problems 
which  follow. 

Having  the  external  forces  -^*,  B^  fC  and  F*,  the  stresses 
K^  6/"  and  L  are  computed  by  formulas  (11),  (12)  and  (13).  The 
remaining  stresses  in  the  trusses  can  then  be  computed  by  ordinary 
algebraic  or  graphical  methods. 

For  a  simple  graphical  solution  of  this  problem,  where  the 
external  forces  B  andCare  not  computed,  see  Fig.  10  and  Fig.  12. 

MAXIMUM  STRESSES.  It  is  not  probable  that  the  maxi- 
mum snow  and  wind  loads  will  ever  come  on  the  building 
at  the  same  time,  and  it  is  therefore  not  necessary  to  design  the 
structure  for  the  sum  of  the  maximum  stresses  due  to  dead  load, 
snow  load  and  wind  load.  A  common  method  is  to  combine  the 
dead  load  stresses  with  the  snow  or  the  wind  load  stresses  which 
will  produce  maximum  stresses  in  the  members.  It  is,  however, 
the  practice  of  the  writer  to  consider  that  a  heavy  sleet  may  be  on 
the  roof  at  the  time  of  a  heavy  wind,  and  to  design  the  structure 
for  the  maximum  stresses  caused  by  dead  and  snow  load;  dead 
load,  minimum  snow  load  and  wind  load;  or  dead  load  and  wind 
load.  It  should  be  noted  that  the  maximum  reversals  occur  when 
the  dead  and  wind  load  are  acting.  For  a  comparison  of  the 
stresses  due  to  the  different  combinations  see  Table  II. 

A  common  method  of  computing  the  stresses  in  a  truss  of  the 
fink  type  for  small  buildings  is  to  use  an  equivalent  uniform 
vertical  dead  load;  the  knee  braces  and  the  members  affected 
directly   by  the   knee   braces   being   designed   according    to    the 
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judgment  of  the  engineer.  This  method  is  satisfactory  and  ex- 
peditious when  used  by  an  experienced  man,  but  like  other  short 
cuts  is  dangerous  when  used  by  an  inexperienced  man.  For  a 
comparison  of  the  stresses  in  a  60-foot  fink  truss  by  the  exact  and 
the  approximate  method  above,  see  Table  II. 

Stresses  in  End  Framing.  The  external  wind  force  on  an 
end  bent  will  be  one-half  what  it  would  be  on  an  intermediate 
transverse  bent,  and  the  shear  in  the  columns  may  be  taken  as 
equal  to  the  total  external  wind  force  divided  by  the  -number  of 
columns  in  the  braced  panels.  The  stresses  in  the  diagonal  rods 
in  the  end  framing  as  iH  Fig.  13  will  then  be  equal  to  the  external 
wind  force  H,  divided  by  the  number  of  braced  panels,  multiplied 
by  the  secant  of  the  angle  the  diagonal  rod  makes  with  a  vertical 
line. 

Bracing  in  the  Upper  Chord  and  Sides.  The  intensity  of 
the  wind  pressure  is  taken  the  same  on  the  end  as  the  sides,  and 
the  wind  loads  are  applied  at  the  bracing  connection  points  along 
the  end  rafters  and  the  corner  columns.  The  shear  transferred 
by  each  braced  panel  is  equal  to  the  total  shear  divided  by  the 
number  of  braced  panels. 

The  stresses  in  the  diagonals  in  each  braced  panel  are  com- 
puted by  applying  wind  loads  at  the  points  above  referred  to,  the 
wind  loads  being  equal  to  the  total  wind  loads  divided  by  the  num- 
ber of  panels.  The  stresses  are  computed  as  in  a  cantilever 
truss. 

The  bracing  in  the  plane  of  the  lower  chord  is  designed  to 
prevent  undue  deflection  of  the  end  columns  and  to  brace  the 
lower  chord  of  the  trusses. 

All  wind  braces  should  be  designed  for  say  5,000  pounds  ini- 
tial stress  in  each  member,  and  the  struts  and  connections  should 
be  proportioned  to  take  the  resulting  stresses. 

It  should  be  noted  that  a  mill  building  braced  as  Fig.  13 
could  be  made  rigid  without  knee  braces  if  the  bracing  were  made 
sufficiently  strong. 
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GRAPHICAL  CALCULATION   OF  STRESSES. 

Data.  To  illustrate  the  method  of  calculating  the  stresses  in 
a  transverse  bent  by  graphical  processes,  the  following  data  for  a 
transformer  building  similar  to  one  designed  by  the  writer  will 
6e  taken. 

The  building  will  consist  of  a  rigid  steel  frame  covered  with 
corrugated  steel  and  will  have  the  following  dimensions:  Length 
of  building,  80'  o";  width  of  building,  60'  o";  height  of 
columns,  20'  o'';  pitch  of  truss,  ^  (6"  in  la'');  total  height 
of  building,  35'  o";  the  trusses  will  be  spaced  16'  o"  center 
to  center.  The  trusses  will  be  riveted  finlf  trusses.  Purlins  will 
be  placed  at  the  panel  points  of  the  trusses  and  will  be  spaced  for 
a  normal  roof  load  of  30  lbs.  per  square  foot.  The  roof  covering 
will  consist  of  No.  20  corrugated  steel  with  2^ -inch  corrugations, 
laid  with  6-inch  end  laps  and  two  corrugations  side  laps,  with 
anti-condensation  lining  [see  (1)  Fig.  19).  The  side  covering  will 
consist  of  an  outside  covering  of  No.  22  corrugated  steel  with  2^- 
inch  corrugations,  laid  with  4-inch  end  laps  and  one  corrugation 
side  lap;  and  an  inside  lining  of  No.  24  corrugated  steel  with  x^- 
inch  corrugations,  laid  with  4-inch  end  laps  and  one  corrugation 
side  lap.  For  additional  warmth  two  layers  of  tar  paper  will  be 
put  inside  of  the  lining.  Three  36-inch  Star  ventilators  placed  on 
the  ridge  of  the  roof  will  be  used  for  ventilation.  The  general 
arrangement  of  the  framing  and  bracing  will  be  as  in  Fig.  13. 

The  approximate  weight  of  the  roof  per  square  foot  of  hori- 
zontal projection  will  be  as  follows: 

Trusses 3.6  lbs.  per  sq.  ft. 

Purlins  and  Bracing 3.0  lbs.  per  sq.  ft. 

Corrugated   Steel 2.4  lbs.  per  sq.  ft. 

Roof    Lining i.o  lbs.  per  sq.  ft. 

Total lo.o  lbs.  per  sq.  ft. 

The  maximum  snow  load  will  be  taken  at  20  pounds,  and  the 
minimum  snow  load  at  10  pounds  per  square  foot  of  horizontal 
projection  of  roof. 
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The  wind  will  be  taken  at  20  pounds  per  square  foot  on  a 
vertical  projection  for  the  sides  and  ends  of  the  building,  and  20 
pounds  per  square  foot  on  a  vertical  surface  when  the  wind  is  con- 
sidered as  acting  horizontal  on  the  vertical  projection  of  the  roof, 
and  30  pounds  per  square  foot  on  a  vertical  surface  when  the  wind 
is  considered  as  acting  normal  to  the  roof. 

The  stresses  in  an  intermediate  transverse  bent  will  be  calcu- 
lated for  the  following: 

Case  j.     Permanent  dead  and  snow  loads. 

Case  2.  A  horizontal  wind  load  of  20  pounds  per  square  foot 
on  the  sides  and  vertical  projections  of  the  roof,  with  the  columns 
hinged  at  the  base. 

Case  3.  Same  wind  load  as  in  Case  2,  with  columns  fixed 
at  the  base. 

Case  4.  A  horizontal  wind  load  of  20  pounds  per  square 
foot  on  the  sides,  and  the  normal  component  of  a  horizontal  wind 
load  of  30  pounds  per  square  foot  on  the  roof,  with  columns 
hinged  at  the  base. 

Case  5.  Same  wind  load  as  in  Case  4,  with  columns  fixed 
at  the  base. 

Case  i.     Permanent  Dead  and  Snow  Load  Stresses. 

On  account  of  the  limited  size  of  the  stress  diagram  the  sec- 
ondary members  have  been  omitted  and  the  loads  applied  as 
shown  in  Fig.  8.  The  seven  loads  producing  stresses  in  the  truss 
are  laid  oU  to  the  prescribed  scale,  x^  —  y  being  the  left,  and 
y  —  X,  the  right  reaction.  The  stresses  are  calculated  as  follows: 
Beginning  with  the  left  reaction  x^  —  y,  draw  lines  through  x^  and 
y  parallel  to  the  upper  and  lower  chords  of  the  truss  respectively, 
and  the  lines  x^  —  2  and  y  —  2  will  represent  the  compressive 
stress  in  the  member  x^  —  2  and  the  tensile  stress  in  the  member 
y  —  2  to  the  scale  of  the  stress  diagram. 
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Data 

5poo,L,  eo'C^ctoc. 
Length  of  Building  80'  o'cTo  c 
Dist.  c.toc.Tru»e5  16' O" 
Height  of  Columns  20*  o" 
Pitcl?  of  Roof  ^Ce'iolZ") 

60  0 


Case  I 

Deod  Load  Stress 

Dla 

gram 

Dead  Lood  10  Ib3.per 

5g.ft. 

hor.  proj 

0  2000 

1  1              1 

4000 

1 

Snow  Lood  Stress  Oiagrom 
Snow  Load  20  lbs.  per 5g.fi.Jpor  proj. 


8000 


Fig.  8.  Dead  and  Snow  Load  Stress  Diagram. 
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Calculate  the  stresses  in  the  remaining  members  in  like  man- 
ner, being  careful  to  take  the  members  in  order  around  a  joint  in 
completing  any  polygon.  The  indeterminate  case  at  the  middle  of 
the  top  chord  can  be  most  easily  solved  by  calculating  the  stress 
in  5-6  and  substituting  it  in  the  diagram.  Compression  and  ten- 
sion in  the  truss  and  stress  diagram  in  Fig.  8  are  indicated  by 
heavy  and  light  lines  respectively. 

The  stress  in  each  column  is  equal  to  one-half  the  sum  of  the 
vertical  loads  plus  the  load  carried  directly  by  the  column. 

Case  2.  Wind  Load  Stresses,  Wind  Horizontal,  Columns 
Hinged. 

The  wind  will  be  considered  as  acting  at  the  joints,  as  shown 
in  Fig.  9.  Replace  the  columns  with  trusses  as  indicated  by  the 
dotted  lines.  This  makes  the  bent  a  two-hinged  arch,  and  the 
stresses  will  be  statically  determinate  as  soon  as  the  horizontal 
reactions  H  and  H'^  at  the  bases  of  the  columns  have  been  deter- 
mined.    The  usual  assumption  in  mill  buildings  and  portals  of 

W 
bridges  is  that  H  -=.  H^  =  "T  where  W ^-=^  the  horizontal  compo- 
nent of  the  external  wind  force.     To  calculate  Kand  V^  produce  the 
line  of  resultant  wind  until  it  intersects  a  vertical  line  through  the 
center  of  the  truss,  and  connect  the  intersection  A  with  the  bases  of 

W 
the  columns  B  and  C.     From  A  lay  off  H-=^  H^  =  — ^  as  shown  in 

Fig  9,  and  complete  the  triangles  by  drawing  vertical  lines  through 
the  ends  of  these  lines.  The  vertical  closing  lines  will  be  F  =  — 
F*,  as  shown  in  Fig.  9. 

The  stresses  are  calculated  as  follows:  Beginning  with  the 
foot  of  the  column  B,  lay  off  the  dotted  line  A— B=  J?.  At 
B,  lay  off  the  load  a — B  =  2240  lbs. ;  through  a  draw  a  line  par- 
allel to  auxiliary  truss  member  a — b,  and  through  A  draw  a  line 
parallel  to  the  column  b — A,  completing  the  polygon  A — B — b — a. 
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CASE  2 

Wind  Load  5tres5  Oiagrarr? 
wind  HonionTal,ZOIbs  pfrsffr. 


Fig.  9.     Wind  Load  Stress  Diagram,  Case  2 


a — b  in  the  stress  diagram  will  be  ttie  compression  in  the  auxiliary 
member  a — b,  and  A — b  will  be  the  tension  in  the  column  A — b. 
It  should  be  noted  that  F  is  equal  to  the  algebraic  sum  of  the 
vertical  components  of  the  stresses  in  a — b  and  A — b.  Next  lay 
off  X — a  =  3200  lbs.  and  complete  the  polygon  a — x — c — b  by 
drawing  lines  through  x  and  b  parallel  to  the  auxiliary  truss  mem- 
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bers  X — c  and  b — c  respectively.  In  like  manner  determine  the 
stresses  at  the  foot  of  the  knee  brace  by  constructing  the  polygon 
A — b — c — i;  and  at  the  top  of  the  column  by  constructing  the 
polygon  c — X — x — 2 — i,  etc.,  until  the  diagram  is  checked  up  at  C 
with  C — A  =  i?*.  The  indeterminate  case  at  the  joint  3 — 4 — 5 
can  be  most  easily  solved  by  computing  the  stress  in  5 — 6  (com- 
ponent due  to  stress  in  6 — 7),  and  substituting  it  in  the  dia- 
gram. The  stresses  in  the  auxiliary  members  are  presented  by 
dotted  lines  and  are  of  no  value  in  designing  the  bent.  It  should 
be  noted  that  the  auxiliary  members  do  not  affect  the  stresses  in 
the  trussei  and  knee  braces,  which  are  correctly  given  in  the 
stress  diagram. 

The  maximum  stress  in  the  knee  brace  A — 15  is  compression 
and  occurs  on  the  leeward  side. 

The  maximum  shear  in  the  leeward  column  below  the  knee 
brace  is  H'^  =  5600  lbs.;  the  maximun  shear  above  the  knee  brace 
is  13100  lbs.  The  maximum  moment  occurs  at  the  foot  of  the 
knee  brace  and  isJEr^xi4xi2  =  940800  inch  lbs. 


Case  3.  Wind  Load  Stresses,  Wind  Horizontal,  Columns 
Fixed  at  Base. 

This  is  Case  2  with  the  base  of  the  column  hinged  at  the 
point  of  contraflexure.  In  calculating  H  and  V  the  wind  above 
the  point  of  contraflexure  only  (see  formula  [29]  )  produces  stresses 
in  the  bent.  The  value  of  fixing  the  columns  at  the  base  is  seen  by 
comparing  the  stresses  in  Case  2  with  those  in  Case  3,  both  being 
drawn  to  the  same  scale.  Maximum  shear  in  the  leeward  col- 
umn below  the  knee  brace  is  ^'  =  4480  lbs. ;  above  the^nee  brace 
is  5600  lbs.  The  maximum  positive  moment  occurs  at  the  foot  of 
the  knee  brace  and  negative  moment  at  the  foot  of  the  column  and 
is  H'^  X  7  X  12  =  376320  inch  lbs. 
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Fig.  10.     Wind  Load  Stress  Diagram,  Case  3. 


Case  4.     Wind  Load  Stresses,  Wind  Normal,  Columns 

HiNQED. 

In  Fig.  II  the  resultant  of  the  external  wind  forces  on  the 
sides  and  roof  acts  through  their  intersection  and  is  parallel  to  C  B 
in  the  stress  diagram.  To  calculate  Fand  V^  connect  the  inter- 
section A  of  the  resultant  wind  and  the  vertical  line  through  the 
center  of  truss  with  the  bases  of  the  columns  B  and  C,  and  lay  o£f 
H  =  H^  =  5500  lbs.  with  extreme  ends  on  dotted  lines  A — B  and 
A — C.  The  vertical  lines  V  and  V^  will  be  the  vertical  reactions, 
and  R  and  R^  will  be  the  resultant  of  the  horizontal  and  vertical 
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Wind  6'H>0  Njx     D 


CA5E     4 

Wlod  Load  Stress  Diagram. 
Wind  Normal,f?oof  10  lb5.,5l(lc5Z0 lbs. sq.ft. 
4000  3000 


%< 

X 

0 

■^B 

Fig.  II.     Wind  Load  Stress  Diagram,  Case  4. 


reactions  at  B  and  C  respectively.     The  stresses  are  calculated  by 
beginning  at  the  base  of  the  column  B  as  in  Case  2.     In  the  poly- 
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gon  a — B — A — b  at  b,  A — B  =  R^  a — B  =  2240  lbs.  and  a — b 
and  A — b  are  the  stresses  in  a — b  and  A — b  respectively. 

The  maximum  shear  in  the  leeward  column  below  the  knee 
brace  is  H^  =  5500  lbs.,  above  the  knee  brace  is  12,800  lbs.;  the 
maximum  moment  occurs  at  the  foot  of  the  knee  brace  and  is 
If^  X  14  X  12  =  924000  inch  lbs. 


Case  5.     Wind  Load  Stresses,  Wind  Normal,  Columns 

Fixed  at  Base. 

This  is  Case  4  with  the  base  of  the  column  moved  up  to  the 
point  of  contraflexure.  The  maximum  shear  in  the  leeward 
column  below  the  knee  brace  is  5500  lbs.,  above  the  knee  brace  is 
5000  lbs.;  the  maximum  positive  moment  occurs  at  the  foot  of  the 
knee  brace  and  negative  moment  at  the  foot  of  the  column  and  is 
If^  X  7  X  12  ^  361200  inch  lbs. 

Maximum  Stresses. 

The  stresses  in  the  different  members  of  the  bent  for  the 
different  cases  are  given  in  Table  I. 

The  maximum  stresses  in  the  different  members  of  the  bent  for 
(i)dead  load  plus  maximum  snow  load;  (2)  dead  load  plus  wind  load. 
Case  4;  (3)  dead  load  plus  minimum  snow  load  plus  wind  load, 
Case  4;  and  (4)  a  vertical  dead  load  of  40  lbs.  per  sq.  ft.  horizon- 
tal projection  of  the  roof  are  given  in  Table  II.  The  stresses 
which  control  the  design  of  the  members  are  underlined  in  (i),  (2) 
and  (3).  By  comparing  these  values  with  the  stresses  given  in 
the  last  column  the  accuracy  of  the  equivalent  load  method  can 
be  seen. 
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Fig.  12.     Wind  Load  Stress  Diagram,  Case  5. 
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Table    I. 


NAME 

OF 
RECE 

5TRE55E5  IN  A  BENT  FOR                                   | 

DEAD 
LOAD 

5NO\A^ 
LOAD 

WIND    LOAD                                   1 

CASE  2 

CASE    3 

CASE  4- 

CASE  5 

X£ 

'^9300 

■f-zasoo 

t3700 

-f-aaoo 

-^/5400 

9-9^900 

X3 

f-GGOO 

i-n^oo 

i-4300 

i-4000 

i^/5400 

-9-/4  900 

Xh 

-f-GZOO 

^/6400 

y-  400 

i- 14  00 

•htoaoo 

t9/aoo 

X7 

•h  7700 

-ft  5  400 

i-  /400 

-f-  3400 

•f-zoaoo 

i-//aoo 

X9 

i-7700 

•^/3^00 

-  6/00 

"/BOO 

-140  0 

•h  2600 

XI3 

-9-93  00 

-h/e^oo 

-/9GOO 

^G6oO 

•'/4600 

'  3600 

/-^ 

"3300 

-f^eoo 

^3700 

^aQoo 

-  5IOO 

'  GOOO 

2-3 

-h  noo 

-f-  aaoo 

-h  500 

^  500 

-9-2400 

^2400 

3'^ 

-  7200 

-a^oo 

'6G00 

'4900 

'G50O 

-  6  700 

^'3 

-hZSOO 

'h4-4'00 

-^JGOO 

t3000 

i'730O 

•/-^^oo 

S'4^ 

-/aoo 

-a^oo 

-  6oo 

-   600 

-a^oo 

-2600 

i>'7 

tilOO 

i-aaoo 

•hSOO 

y-  500 

■9-2400 

1 240O 

^-<5 

-aAOo 

-^600 

-4300 

'3300 

-Gaoo 

-  7400 

7'G 

-3hOO 

-  7aoo 

'4300 

-3900 

'/0300 

'  /oooo 

e-s 

'3600 

-  7a  oo 

t  7500 

f-j^oo 

i-7400 

•93500 

9-i2 

i-aaoo 

i-^^OO 

'C700 

-3a  00 

-■6700 

'3200 

/^-/3 

'/eoo 

-2400 

-i-isaoo 

i-7400 

■9I4600 

9-7000 

Y'^ 

'7/00 

-/4aoo 

i-  2400 

V-  SOO 

'  6ooo 

-  7700 

y-s 

'^700 

-  74  00 

i-6GOO 

-^4000 

taaoo 

-    4O0 

Y'fa 

-7/00 

-  /4aoo 

't/4aoo 

t7  700 

i-9700 

-9-  a900 

i5-/3 

'G300 

'/CCOO 

-t-  4COO 

i-3000 

i-    500 

'  9  300 

A-/ 

-  9000 

-6aoo 

-G500 

'  6700 

A  /3 

■f-aasoo 

tifooo 

■929500 

■9-90400 
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Table   II. 


MAXIMUM    STRESSES 

IN  A  BENT  FOR 

NAME 

DEAD  LOAD 

DEAD  LOAD  H- 

DeAOLOAD+M\N 

VERT.  DEAD  load 

OF 

+  MAX'  SNOW 

WIND  LOAD 

SNOW  LOAD  f  WIND 

0F40LB5.PtR5Q 

PIECE 

LOAD 

CASE   A-. 

LCAD    CA5L  A 

FT0FH0R.PR0J 

X£ 

t aezoo 

■hS'^lOO 

•h  3-4- 300 

•f-37aOO 

X  3 

^24,^00 

i-a^aoo 

■h  3  3  000 

i- 35200 

X6 

/-  Z^hOO 

+  te^oo 

'f'a^4,00 

'h3aGOO 

X7 

•f-a3ioo 

■f^/7900 

^a54,00 

't'30G00 

X9 

^a3too 

-h   CJOO 

f-f^OOO 

•h  30G00 

X/3 

y-  aeaoo 

-  S30O 

i-  ^000 

-h  37aoo 

/-^ 

-a^9oo 

''/3^00 

-  aiioo 

-  3 3 aoo 

^-J 

-h  3300 

■f-   3SOO 

-h  ^4>00 

-h   ^^00 

• 

-  3^00 

-  9700 

-  fOSOO 

-  ^GOO 

^'S 

i-^<>0O 

■i-  SSOO 

^11  7  00 

-f-  GGOO 

5-6 

'J600 

-  3GOO 

-  5000 

"^eoo 

<9'7 

i-3300 

't'3SOO 

■f-  '^(>00 

r  4AOO 

s-e 

-  7aoo 

'tO4,00 

-  /3000 

-  SGOO 

7-6 

^-loeoo 

-f^^OO 

'  /QOOO 

-  M400 

G'S 

'  lOGOO 

-t  3G0O 

■^    aoo 

-  I^'4^00 

3-/a 

■h  GGOO 

-  ^500 

-  a300 

■h    GGOO 

IS '13 

'  J  4,00 

■^  /34,00 

-t^  /a^oo 

-  4GOO 

y--f 

- ei300 

-  /3/  00 

' aoaoo 

- aQ^oo 

Y-e 

'  /^too 

-   2300 

-  saoo 

-  f'4-GOO 

Y'ta 

-2f300 

-h  a4>oo 

-  ^500 

-  ao^oo 

13-/5 

'2^SOO 

'  7GOO 

'  /c,  /  00 

-  32400 

/^•/ 

-  GSOO 

-     G300 

A'/3 

i-  ai500 

-  aisoo 
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CHAPTER  III. 


DESIGN   OF  MILL  BUILDINGS. 

Introduction.  The  general  dimensions  and  the  general  out- 
line of  a  mill  building  will  be  governed  by  the  local  conditions  and 
requirements.  Where  circumstances  will  permit,  as  in  smelters 
and  mills,  the  interior  arrangement  of  machinery,  etc.,  should  be 
determined  on  first  and  the  building  designed  to  suit.  Failure  to 
follow  this  rule  will  often  cause  needless  expense  in  the  building 
of   special  machinery. 

The  proper  unit  stresses,  minimum  size  of  sections,  and 
thickness  of  metal  will  depend  upon  whether  the  building  is  to'  be 
permanent  or  temporary,  and  upon  whether  or  not  the  metal  is 
liable  to  be  subjected  to  the  action  of  corrosive  gases.  For 
permanent  buildings  the  writer  would  recommend  r^tOOO  lbs.  per 

square  inch  for  allowable  tensile  and  is,ooo — jj  -  lbs.   per   square 

inch  for  allowable  compressive  stress  for  direct  dead,  snow  and 
wind  stresses  in  trusses  and  columns,  /  being  the  center  to  center 
length  and  r  the  radius  of  gyration  of  the  member,  both  in  inches. 
For  wind  bracing  and  flexural  stress  in  columns  due  to  wind,  add 
25  per  cent,  to  the  allowable  st  resses  for  dead,  snow  and  wind 
loads.  For  temporary  structures  the  above  allowable  stresses 
may  be  increased  20  to  25  per  cent. 

The  minimum  size  of  angles  should  be  7,"  x  1"  x  ^^^  and  the 
minimum  thickness  of  plates  %"^  for  both  permanent  and  tempo- 
rary structures.  Where  the  metal  will  be  subjected  to  corrosive 
gases  as  in  smelters  and  train  sheds,  the  allowable  stressed  should 
be  decreased  20  to  25  per  cent  and  the  minimum  thickness  of 
metal  increased  25  per  cent,  unless  the  metal  is  fully  protected  by 
an  acid-proof  coating  (at  present  the  best  paints  do  little  more 
in  any  case  than  delay  and  retard  the  corrosion).        ^ 
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The  tniaimum  thicknAs  of  corrugated  steel  should  be  No.  20 
gauge  for  the  roof  and  No.  22  for  the  sides;  where  there  is 
certain  to  be  do  corrosion  Nos.  22  aud  24  may  be  used  for  the  roof 
and  sides  respectively. 

Stiffness  and  rigidity  are  of  much  more  importance  in  a  mill 
building  than  strength.  The  racking  action  of  cranes,  wind  and 
eccentric  loads  is  more  injurious  to  the  framework  than  quiescent 
loads,  and  care  should  always  be  used  to  avoid  eccentric  connec- 
tions and  to  provide  ample  wind  bracing.  If  it  is  neccesary  to 
economize,  the  material  should  be  saved  in  the  main  members  and 
not  in  the  bracing  and  details. 

FRAMEWORK.  The  usual  arrangement  of  the  framework  in 
simple  mill  buildings  is  as  shown  in  Fig.  13.  The  different  terms 
used  in  the  discussion  which  follows  will  be  made  clear  by  an  in- 
spection of  this  diagram. 
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Fic.  13.     Framing  Plan  of  a   Mill  Building. 
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Trusses.  The  type  of  roof  truss  will  depend  upon  the  length 
of  the  span,  clear  head  room,  style  of  truss  preferred,  and  other 
conditions.  For  spans  up  to  loo  feet  the  fink  type  of  truss  is  com- 
monly used.  The  fink  truss  has  the  advantage  of  short  struts, 
simplicity  of  details  and  economy.  The  stresses  which  control  the 
design  of  the  members,  with  possibly  two  or  three  exceptions,  are 
those  caused  by  an  equivalent  uniform  load,  thus  simplifying  the 
calculations  of  stresses  (see  Table  II). 

The  outline  of  the  truss  will  depend  upon  the  spacing  of  the 
purlins  and  upon  whether  or  not  the  purlins  are  placed  at  panel 
points  of  the  truss.  The  most  economical  and  pleasing  arrange- 
ment is  to  make  a  panel  point  in  the  truss  under  each  purlin. 
Taking  the  normal  wind  load  on  the  roof  at  25  to  30  lbs.  per  square 
foot,  it  will  be  seen  in  Fig.  18  that  for  No.  20  and  No.  22  corrugated 
steel,  when  used  without  sheathing,  the  purlins  should  be  spaced 
from  4  to  5  feet.  If  this  spacing  i^s  exceeded  a  corrugated  steel 
roof  without  sheathing  is  almost  certain  to  leak. 

In  Fig.  14,  (a)  shows  the  form  of  a  fink  truss  for  a  span  of  30 
feet;  (b)  for  a  span  of  40  feet;  (c)  for  a  span  of  50  feet;  (d)  for  a 
span  of  60  feet;  (h)  for  a  span  of  80  feet,  on  the  assumption  that 
purlins  are  spaced  from  4  to  5  feet,  and  come  at  the  panel  points. 
If  trusses  with  vertical  posts  are  desired,  the  triangular  trusses  (e) 
or  (f),  or  fink  truss  (g)  may  be  used.  The  truss  shown  in  (i)  is  oc- 
casionally used  for  long  spans,  although  it  has  little  to  recommend 
it  except  novelty.  The  truss  shown  in  (j)  is  used  where  there  is 
ample  head-room. 

The  lower  chord  of  the  truss  is  usually  made  horizontal,  as  in 
(k);  but  by  giving  it  a  slight  camber,  as  in  (1),  the  appearance 
from  below  can  be  greatly  improved. 

Pitch  of  Trusses,  The  minimum  allowable  pitch  of  a  roof  will 
depend  upon  the  character  of  the  roof  covering,  and  whether 
sheathing  is  used  or  not.  For  corrugated  steel  laid  directly  on 
the  purlins,  the  pitch  should  preferably  not  be  less  than  j^  (6^^  in 
i2")t   and  the  minimum  pitch,    unless  the  joints  are  cemented, 
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(a-) 
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(h) 


(g)  (kJ 

Fig.  14.     Types  of  Roof  Trusses. 
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should  be  1-5.      In  case  lumber  sheathing  is  used,  corrugated  steel 
may  be  used  with  a  pitch  of  1-6  or  ^  by  cementing  the  joints. 

Economic  Spacing  of  Trusses,  The  weight  of  trusses  and 
columns  per  square  foot  of  area  decreases  as  the  spacing  increases; 
while  the  weight  of  purlins  and  girts  per  square  foot  of  area  in- 
creases as  the  spacing  increases.  The  economic  spacing  of 
trusses  is  a  function  of  the  weight  per  square  foot  of  floor  area  of 
the  truss,  the  purlins,  the  side  girts,  and  the  columns.  For  any 
given  conditions  the  spacing  which  makes  the  sum  of  these  four 
quantities  a  minimum  will  be  the  economic  spacing.  It  is  desir- 
able to  use  simple  rolled  sections  for  purlins  and  girts,  and  under 
these  conditions  the  economic  spacing  of  trusses  will  usually  be 
between  16  and  22  feet.  The  smaller  value  is  about  right  for 
spans  up  to,  say,  60  feet  designed  for  moderate  loads;  while  the 
greater   value  is  about  right  for  long  spans  designed  for  heavy 
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loads.  For  long  spans  the  economic  spacing  can  be  increased 
by  URiog  rafters  supported  on  heavy  purlins  spaced  at  greater  dis- 
tances than  would  be  required  if  the  roof  were  carried  directly  by 
the  purlins.  This  method  is  frequently  used  in  the  design  of  trtin 
sheds  and  roofs  for  buildings  where  lumber  sheathing  is  used  to 
support  slate  or  tile  covering,  or  where  the  tile  are  supported  by 
angle  sub-purlins  spaced  close  together,  as  shown  in  Fig.  15. 


Fig.  15,     Roof  Framing  for  Tile  Covering. 

Truss  Detaili.  Riveted  trusses  are  commonly  used  for  mill 
buildings.  For  ordinary  loads  the  upper  and  lower  chords  and 
the  main  struts  and  ties  are  commonly  made  of  two  angles  back 
to  back,  forming  a  T-section,  the  connections  being  made  by 
plates,  (a)  and  (b)  Fig.  16.  The  upper  chord  should  preferably 
be  made  of  unequal-legged  angles  with  short  legs  turned  out. 
Sub-struts  and  ties  are  usually  made  of  one  angle.  Flats  should 
not  be  used.  Where  two  angles  are  used  back  to  back  they 
should  be  riveted  together,  as  shown  in  Fig.  16,  at  intervals  of 
from  a  to  4  feet. 
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Fig.  i6.     Truss  Details. 

Where  the  purlins  are  not  placed  at  the  panel  points  the  upper 
chord  must  be  designed  for  flexure  as  well  as  direct  stress.  The  most 
common  section  used  for  the  upper  chord  where  the  purlins  are 
not  placed  at  panel  points  is  composed  of  two  angles  and  a  plate, 
as  shown  in  (c)  Fig.  i6.  The  upper  and  lower  chords  are  often 
made  of  two  channels  where  it  is  necessary  to  support  concen- 
trated or  moving  loads  directly  on  the  chords. 

Trusses  may  be  fastened  to  the  columns  by  means  of  a  plate 
as  shown  in  (a)  and  (b)  Fig.  i6,  or  by  riveting  directly  to  the 
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Fig,  17.     Column  Details. 
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column    as   shown    in    (c)    Fig.    16.      The  first    method  is  to  be 
preferred. 

Trusses  for  mill  buildings  are  sometimes  made  with  pin  con- 
nections; however,  riveted  trusses  are  to  be  preferred  on  account 
of  their  greater  rigidity. 

Columns.  For  side  columns,  Fig.  13,  where  the  direct  loads 
are  not  excessive,  column  (f)  Fig.  17  composed  of  four  angles 
laced  is  probably  the  best.  A  large  radius  of  gyration  in  the 
direction  of  the  wind  can  be  obtained  with  a  small  amount  of 
metal.  The  lacing  should  be  designed  to  take  the  shear  due  to 
wind,  and  should  be  replaced  by  a  plate,  (e)  Fig.  17,  where  the 
shear  is  excessive  or  where  the  bending  moment  at  the  foot  of  the 
knee  brace  requires  excessive  flanges.  Details  of  a  four-angle 
column  are  shown  in  (b)  Fig.  16. 

The  I-beam  column,  (g)  Fig.  17,  makes  a  good  side  column 
where  proper  connections  are  made,  and  is  commonly  used  for 
end  columns.  Fig.  13.  The  best  corner  column  is  made  of  an 
equal-legged  angle  with  4,  5  or  6-inch  legs,  (h)  Fig.  17.  Details 
of  bases  for  the  three  columns  above  described  are  shown  in  (k), 
(1)  and  (m)  Fig.  17. 

Columns  composed  of  two  channels  laced  (a),  two  channels 
and  two  plates  (b),  two  channels  and  an  I-beam  (c),  and  four  Z- 
bars  and  a  plate  (d)  Fig.  17,  are  used  where  it  is  necessary  to 
carry  heavy  direct  loads.  Columns  (i)  and  (j)  Fig.  17,  are  not 
desirable  columns,  although  sometimes  used. 

Purlins  and  Girts.  Purlins  are  made  of  channels,  angles, 
Z-bars  and  I-beams,  (m)  Fig.  19,  where  simple  shapes  are  used, 
Channel  and  angle  purlins  should  be  fastened  to  the  top  chord  by 
means  of  angle  lugs  as  shown  in  Fig.  16.  The  channel  purlin 
is  the  most  economical  and  the  I-beam  purlin  the  most  rigid. 
Girts  are  made  of  channels,  angles  and  Z-bars,  and  are  fastened 
as  shown  in  Fig.  16.  Where  the  distance'between  trusses  is  more 
than  15  or  16  feet,  the  purlins  and  girts  should  be  kept  from 
sagging    by   running    ^    or  }4  inch  rods  through  the  centers,  the 
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ends  being  fastened  to  the  eaves  and  ridge  (see  end  framing,  Fig. 

13). 

Where  columns   and  trusses  are  placed  so  far  apart  that  the 

use  of  simple  shapes  is  no  longer  economical,   purlins  and   girts 

are  trussed. 

Struts  and  Bracing.  Four-angle  struts  made  like  the  side 
posts,  (f)  Fig.  17,  are  often  used  for  eave  struts.  Eave  struts 
composed  of  single  channels  are  more  economical  and  are  equally 
good  in  most  cases.  End  rafters  are  usually  made  of  channels. 
The  sides,  ends  and  upper  and  lower  chords  are  commonly  braced 
as  shown  in  Fig.  13.  The  bracing  in  the  plane  of  the  lower  chord 
should  preferably  be  stiff.  The  diagonal  bracing  in  sides,  ends 
and  upper  chord  is  commonly  composed  of  rods.  Initial  tension 
should  always  be  thrown'  into  diagonal  rods  by  screwing  up  the 
turn  buckles  or  adjustable  ends.  Stiff  bracing  should  be  made 
short  and  be  brought  into  position  for  riveting  by  using  drift  pins; 
to  accomplish  this  there  should  be  preferably  not  less  than  three 
rivets  in  each  lateral  connection.  Connections  for  lateral  rods  are 
shown  in  Fig.  16..  In  wide  buildings  the  ends  are  sometimes 
braced  against  wind  by  means  of  a  lattice  girder  placed  inside  the 
building  in  the  plane  of  the  lower  chord. 

COVERING.  Mill  buildings  are  usually  covered  with  corru- 
gated steel  supported  either  on  planks  or  directly  on  the  purlins. 
Plank  sheathing  is  tongued  and  grooved  or  ship-lapped,  and  is 
used  from  i  to  2  inches  thick.  Where  wooden  sheathing  is  used  it 
is  necessary  to  bolt  spiking  pieces  to  the  purlins  and  girts. 

The  roofs  of  mill  buildings  are  also  covered  with  slate  or  tile 
supported  on  a  plank  or  concrete  sheathing  or  carried  directl}'  on 
sub-purlins  as  shown  in  Fig.  15;  and  occasionally  with  some  one 
of  the  following  prepared  roofings  laid  on  plank  sheathing:  Sheet 
steel  roofing,  tin  roofing,  metal  shingle  roofing,  asbestos  roofing, 
rubber  roofing,  tar  and  gravel  roofing,  asphalt  roofing,  etc. 

Corrugated  Steel.  Corrugated  steel  is  made  from  sheet 
steel  of  standard  gauges  and  is  either  galvanized  at  the  mill  or  is 
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left  black.  The  black  corrugaled  steel  is  usually  painted  at  the 
mill  and  always  painted  after  erection.  Paint  will  not  adhere  well 
to  galvanized  steel  unless  a  portion  of  the  coating  is  removed  by 
the  application  of  an  acid. 

The  common  standard  for  the  gauge  of  sheet  steel  in  the 
United  States  is  the  United  States  Standard  Gauge,  and  this 
should  be  used  in  specifying  weight  and  thickness. 

The  thickness  and  weights  per  square  for  black  and  galvan- 
ized sheet  and  corrugated  steel  are  given  in  the  table  in  Fig.  19. 
The  weights  of  the  corrugated  steel  in  the  table  are  for  standard 
corrugations,  approximately  2l<  inches  wide  and  Sa  of  an  inch 
deep.  If  black  corrugated  steel  is  painted,  add  2  pounds  per 
square  of  100  square  feet. 

Corrugated  steel  is  also  made  with  corrugations  5,  3  and  i}£ 
inches  wide  approximately.  Corrugated  steel  with  i^  inch  corru- 
gations, JS  of  an  inch  deep  is  frequently  used  for  lining  buildings. 


Sape  Uniform  Load  in  Pounds  for  Corrugateu 
Steel  foh  Different  Spans  in  Feet. 
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The  standard  sheets  of  corrugated  steel  with  2}i  inch  corruga- 
tions are  28  inches  wide  before  and  26  inches  wide  after  corruga- 
ting, and  will  cover  24  inches  wide  with  one  corrugation  side  lap  or 
approximately  2ij4  inches  with  two  corrugations  side  lap,  (a)  and 
(c)  Fig.  19.  Special  corrugated  steel,  (b)  Fig.  19,  can  usually 
be  obtained  that  will  cover  24  inches  with  i^^  corrugations  side  lap. 

Stock  lengths  of  corrugated  steel  can  be  obtained  from  5  to  10 
feet,  varying  by  one-half  foot.  Sheets  of  any  length  between  4  and 
10  feet  can  be  obtained  directly  from  the  mill  without  extra  charge. 
Sheets  from  48  to  5  inches  long  cost  from  ^-lo  to  ^  cents  per  pound 
extra.  Sheets  from  10  to  12  feet  long  are  very  difficult  to  obtain 
and  cost  extra.     Sheets  can  not  be  obtained  longer  than  12  feet. 

The  card  of  extras  used  by  a  prominent  firm  in  1901  is  giveji 
below.  These  extras  are  to  be  added  to  the  base  price  of  flat 
black  or  galvanized  sheets  to  obtain  the  cost.  These  extras  are 
not  subject  to  discount. 

Card  of  Extras  for  Black  or  Galvanized  Sheets. 

For  corrugating 05c.  per  lb. 

For  painting  with  red  oxide loc.  ** 

For   painting  with   Dixon's  graphite 20c.  " 

For   painting     with     Goheen's   carbonizing 

coating 20c.  " 

For  all  trimmings,  etc.,  flashings,  ridge  caps, 

and  louvres $1.00        " 

Galvanized  steel  in  1901  was  quoted  75  per  cent,  off  the  stand- 
ard list,  F.  O.  B.  Pittsburg;  list  being  as  follows: 

List  price  of  galvanized  steel. 

No.  10  to  16  inclusive 12c.  per  lb. 

No.  17  to  21  inclusive 13c.  per  lb. 

No.  23  to  24  inclusive 14c.  per  lb. 

No.  25  to  26  inclusive 15c.  per  lb. 
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Black  corrugated  steel  in  1901  was  quoted  as  follows,  F.  O.  B. 
Pittsburg : 

No.  16  to  18  inclusive 2.2c.  per  lb. 

No.  20  to  22  inclusive 2. 6c.  per  lb. 

No.  ,24  to  26  inclusive 2.7c.  per  lb. 

Fastening  for  Cotrugated  SteeL  Where  sheathing  is  not  used 
the  corrugated  steel  is  fastened  with  8d  barbed  roofing  nails 
y^  to  2^  inches  long,  spaced  6  to  8  inches  apart.  The  barbed 
nails  2^  inches  long  should  be  used  for  nailing  to  spiking  strips 
and  to  sheathing  wherever  possible.  The  common  methods  of 
fastening  corrugated  steel  directly  to  purlins  and  girts  are  shown  in 
(m)  Fig.  19.  Nailing  pieces  should  preferably  be  used  where 
anti-condensation  roofing,  (1)  Fig.  19,  is  used,  or  where  the  sides 
are  lined  with  corrugated  steel.  The  clinch  nail  is  probably  the 
most  satisfactory  fastening  for  usual  conditions.  The  side  laps 
are  fastened  together  by  means  of  copper  rivets  spaced  8  to  12 
inches  apart,  or  by  stove  bolts,  Fij;.  20. 

The  safe  load  per  square  foot  for  corrugated  steel  is  given  in 
Fig.  18.  Data  on  the  strength  of  corrugated  steel  are  scarce,  but 
all  available  to  the  writer  agree  with  Rankine's  formula,  on  which 
Fig.  18  is  based. 

Purlins  are  commonly  spaced  for  a  safe  load  of  30  lbs.  per 
square  foot  as  given  in  Fig.  18.  If  purlins  are  spaced  wider  than 
this  the  steel  will  deflect  a  dangerous  amount  when  walked  upon, 
and  will  leak  snow  and  rain.  Girts  may  be  spaced  for  a  safe  load 
of,  say  25  lbs.  per  square  foot. 

From  an  inspection  of  Fig.  18,  it  is  evident  that  corrugated 
steel  lighter  than  No.  24  is  of  little  use  for  mill  buildings. 
Nos.  26  and  28  should  never  be  used  unless  for  lining  in  cheap 
structures. 

Lining,  To  prevent  the  condensation  of  moisture  on  the  inner 
surface  of  the  steel  roof,  and  the  resulting  dripping,  the  anti-con- 
densation roojing  sho^n  at  (1)  in  Fig.  19  and  in  Fig.  20  is  frequently 
used.     The  usual  method  of  constructing  this  roofing  is  as  follows: 
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Galvanized  wire  poultry  netting  is  fastened  to  one  eave  purlin  and 
is  passed  over  the  ridge,  stretched  tight  and  fastened  to  the  other 
eave  purlin.  The  edges  of  the  wire  are  woven  together,  and  the 
netting  is  fastened  to  the  spiking  strips,  where  used,  by  means  of 
small  staples.  On  the  netting  are  laid  one  or  two  layers  of  as- 
bestos paper  i-16-inch  thick,  and  sometimes  one  or  two  layers  of 
tar  paper.  The  corrugated  steel  is  then  fastened  to  the  purlins  in 
the  usual  way.  Three-sixteenth-inch  stove  bolts  with  ix^X4-inch 
plate  washers  on  the  lower  side  are  used  for  fastening  the  side  laps' 
together  and  for  supporting  the  lining  (see  Fig.  ao).  The  writer 
would  recommend  that  purlins  be  spaced  one-half  the  usual 
distance  where  anti-condensation  lining  is  used.  The  itove  bolts 
could  then  be  omitted.  Asbestos  paper  i-16-inch  thick  comes  in 
rolls,  and  weighs  about  32  pounds  per  square  of  100  square  feet. 
Galvanized  poultry  netting  comes  in  rolls  60  inches  wide  and 
weighs  about  10  pounds  per  square. 

The  corrugated  steel  used  with  anti-condensation  roofing 
should  never  be  less  than  No.  22,  and  should  be  spaced  for  not 
less  than  30  pounds  per  square  foot.  A  less  substantial  roof  will 
not  usually  be  satisfactory. 

An  engine-house  with  anti-condensation  lining  on  the  roof 
and  sides  has  been  in  use  in  the  Lake  Superior  copper  country 
for  several  years,  and  has  been  altogether  satisfactory  under  try- 
ing conditions.  The  covering  and  lining  of  roof  and  sides  is 
fastened  by  clinch  nails  to  angle  purlins  and  girts  spaced  about 
two  feet  apart. 

A  transformer  building  designed  and  built  by  the  writer  at 
East  Helena,  Montana,  has  anti-condensation  lining  on  the  roof  as 
shown  in  Fig.  20,  and  is  lined  on  the  sides'  with  one  layer  of 
asbestos  paper,  and  i^-inch  No.  26  corrugated  steel.  The  black 
framework,  the  red  side  lining,  and  white  roof  lining  made  a  very 
pleasing  interior.  This  building  after  several  years  is  giving 
entire  satisfaction. 

The  air  space  between  the  inside  and  outside  corrugated  steel 
is  sometimes  filled  with  mineral  wool.     An  expanded  metal  and 
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plaster   lining   is   very   efficient    and    rigid,    although    somewhat 
expensive. 

Plank  lining  is  not  very  satisfactory  on  account  of  the  shrink- 
age of  the  lumber  and  the  danger  of  fire  where  it  is  used. 

Details,  In  Fig.  19  are  shown  details  of  flashing,  corner 
finish,  ridge  roll  and  cornice.  Additional  details  are  shown  in 
Fig.  20.  For  ordinary  mill  buildings,  the  gable  and  eave  cornice 
is  made  by  extending  the  corrugated  steel  8  to  12  inches  beyond 
the  building. 

Corrugated  Steel  Plans,  The  shop  plans,  list  and  details  for 
the  corrugated  steel  for  a  steel  mill  building  are  shown  in  Fig.  20. 
Corrugated  steel  sheets  should  be  ordered  to  cover  two  purlins 
and  girts  if  possible.  Bevel  sheets  should  be  ordered  by  number, 
and  sheets  should  be  split  and  reentrant  cuts  should  be  made  in 
the  field.  All  sheets  should  be  plainly  marked  with  the  number 
or  length.  Sheets  No.  22  and  lighter  may  be  bent  in  the  field; 
heavier  metal  should  always  be  bent  at  the  mill. 

Terra  Cotta  Tile.  Tile  may  be  used  for  covering  mill 
buildings  laid  (i)  on  plank  sheathing,  (2)  on  fireproof  sheathing, 
or  (3)  may  be  supported  directly  on  angle  sub-purlins  as  shown  in 
Fig.  15.  The  roof  shown  in  Fig.  15  was  constructed  as  follows: 
Terra  cotta  tile  manufactured  by  the  Ludowici  Roofing  Tile  Co., 
Chicago,  111.,  were  laid  directly  on  the  angle  sub-purlins,  every 
fourth  tile  being  secured  to  the  angle  sub-purlins  by  a  piece  of 
copper  wire.  The  tiles  were  interlocking,  requiring  no  cement 
except  in  exceptional  cases.  The  tiles  were  9x16  inches  in  size, 
135  being  sufficient  to  lay  a  square  of  100  square  feet  of  roof. 
These  tiles  weigh  from  750  to  800  lbs.  per  square,  and  the  cost 
is  about  $6.00  per  square  at  the  factory.  Skylights  in  this  roof 
were  made  by  substituting  glass  tile  for  the  terra  cotta  tile.  This 
and  similar  tile  has  been  used  in  this  manner  on  a  large  number 
of  mills  and  trainsheds  with  excellent  results.  Tile  roofs  do  not 
require  an  anti-condensation  lining  to  prevent  condensation  of 
steam  on  the  inner  surface. 
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Fig.  31.     Details  or  Dooks  and  Windows. 
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PAVING  PRACTICE  IN  JOLIET. 


BY    H.   A.    STEVENS. 


In  attempting  to  relate  and  describe  some  of  the  present  cus- 
toms and  methods  of  street  paving  in  Joliet  and,  incidentally, 
touching  upon  various  features  that  pertain  to  street  improve- 
ments, the  author  believes  that  a  better  understanding  of  the  local 
conditions  can  be  obtained  by  stating  briefly  a  few  facts  concerning 
the  nature  of  the  foundations,  soil,  and  topography,  and,  perhaps, 
a  little  ancient  history. 

As  originally  laid  out  on  the  east  and  west  banks  of  the  Des- 
plaines  River,  Joliet  was  founded  on  a  rock.  A  rock  so  broad  and 
deep  that  half  a  century  of  quarrying,  formerly  Joliet* s  chief  in- 
dustry, has  scarcely  lessened  the  visible  supply  of  limestone  by 
any  appreciable  amount.  This  rock,  which  is  almost  at  the  sur- 
face over  the  greater  part  of  the  business  district,  shelves  off  to- 
wards the  east  and  is  covered  with  gravel  and  small  boulders; 
while  to  the  west,  beyond  the  first  bluff,  the  covering  consists  of 
loam  and  stiff  clay. 

Some  fifteen  or  more  years  ago,  when  the  future  greatness  of 
this  city  began  to  be  seen,  a  few  of  the  wise  men  of  the  town  con- 
ceived of  the  idea  of  establishing  grades  for  its  streets;  and  it  was 
not  long  before  ordinances  were  introduced  in  the  city  council 
setting  forth  grades  and  elevations  to  be  established  in  various 
districts.  As  it  happened  these  good  men,  laboring,  perhaps,  under 
recollections  of  the  relative  heights  of  the  sidewalk  and  roadway  of 
the  business  street  in  some  country  village,  saw  fit  to  name  side- 
walk grades  in  some  instances  from  one  to  three  feet  higher  than 
the  grade  they  established  for  the  roadways.     The  result  is  ap- 
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parent  to  any  person  who  will  walk  around  a  few  squares  in  the 
business  district. 

It  is  probably  needless  to  remark  that  the  efforts  now  are 
directed  toward  eradicating  the  resulting  conditions.  Naturally, 
the  earliest  form  of  roadway  improvements  adopted,  both  in  Joliet 
and  the  surrounding  township,  were  made  with  Joliet  bank  gravel, 
which  was  to  be  had  in  abundant  quantities  at  a  small  cost  at  the 
pits.  Crushed  cobblestone  and  crushed  limestone  supplanted  the 
use  of  gravel  where  more  expensive  improvements  were  desired, 
the  gravel  being  used  to  some  extent  as  a  binder  or  converting 
material  for  the  crushed  cobble. 

In  the  year  1892  a  few  squares  of  six-inch  cedar  block  pave- 
ment laid  on  a  sand  foundation  was  built,  which  is  still  in  exist- 
ence.  In  1893  Joliet  paved  her  first  street  under  special  assess- 
ment laws,  the  material  also  being  cedar  block.  Since  that  date 
all  pavements  paid  for  by  special  assessment  have  been  either 
brick,  asphalt,  or  a  macadam  pavement  of  crushed  cobble  or  lime- 
stone. More  or  less  controversy  over  the  relative  merits  of  cob- 
ble and  limestone  has  sprung  up  from  time  to  time.  In  the  author's 
estimation  the  advantages  of  superior  hardness  in  the  cobblestone 
is  more  than  offset  by  the  better  binding  quality  of  the  limestone 
and  the  absence  of  rounded  edges  and  corners  which  in  the  cob- 
blestone pavement,  especially  after  a  season  of  dry  weather,  per- 
mits the  stone  to  pick  up  and  frequently  necessitates  the  use  of  a 
steam  roller  in  smoothing  over  the  roadway. 

The  earliest  brick  pavements  were  laid  with  two  courses  of 
Galesburg  brick.  A  little  later  several  streets  were  paved  with 
Hallwood  block  brick,  laid  on  four  inches  of  natural  cement 
concrete.  The  latest  practice  has  been  to  use  Galesburg  brick  laid 
on  six  inches  of  natural  cement  concrete. 

Jefferson  street,  the  first  street  to  be  paved  with  sheet  asphalt, 
was  paved  in  the  fall  of  1897  and,  in  spite  of  a  rather  unfortunate 
expedience  with  the  material  on  that  street,  the  popularity  of 
asphalt  for  paving  purposes  has  ever  since  been  on  the  increase. 
Probably  eighty  per  cent,  of  the  petitions  presented  to  the  Board 
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of  Local  Improvements  asking  for  pavements  request  that  asphalt 
be  used. 

Specifications  under  which  all  asphalt  has  been  laid  have  pro- 
vided  that  the  material  should  be  asphalt  from  Pitch  Lake,  Trini- 
dad, or  an  asphalt  equally  as  good  for  paving  purposes. 

On  Jefferson  street  Bermudez  asphalt  was  used.  The  author 
does  not,  however,  attribute  the  partial  failure  of  the  work  on  that 
street  to  the  material  so  much  as  to  the  season  of  the  year  in  which 
it  was  laid;  and,  if  he  is-  correctly  informed,  to  the  gross  incompe- 
tency and  carelessness  of  the  men  engaged  in  laying  the  asphalt 
and  preparing  the  mixtures. 

Undoubtedly  asphalt  laid  in  freezing  weather,  with  falling 
snow,  with  frost  and  ice  in  and  on  the  concrete,  and  with  material 
brought  on  the  street  having  all  the  oil  or  flux  burned  out,  cannot 
be  expected  to  form  an  enduring  pavement;  so  that  the  necessity 
for  immediate  repairs  was  not  astonishing.  With  later  contracts 
the  overflow  or  land  asphalt  from  Pitch  Lake  was  used;  and  this 
has  so  far  proven  as  satisfactory  as  the  material  from  the  lake 
itself.  Several  miles  of  streets  laid  with  this  asphalt  are  now 
passing  through  their  third  winter;  and,  although  on  some  streets 
occasional  small  cracks  are  to  be  observed,  nothing  approaching  a 
condition  calling  for  repairs  has  appeared. 

To  an  observer  of  asphalt  pavements  there  is  an  element  of 
the  mysterious  in  the  behavior  of  asphalt.  Why  two  streets  laid 
by  the  same  men,  with  the  same  mixture,  under  absolutely  similar 
conditions,  as  far  as  can  be  determined,  should  behave  differently 
as  they  age  is  a  puzzle.  The  author  has  in  mind  two  such  streets 
in  Joliet,  one  known  as  North  Chicago  street,  running  north  from 
Jefferson  to  Webster  street;  the  other.  South  Chicago  street, 
running  from  Washington  street  to  Fifth  avenue.  These  streets 
were  laid  in  the  summer  months  of  1899  by  the  Conway  Paving 
Company,  with  the  same  mixtures,  the  same  sand,  the  same 
asphalt,  and  the  same  proportions  of  flux.  Yet  North  Chicago 
street  is,  as  far  as  has  been  observed,  almost  entirely  free  from  cracks 
or  any  sign  of  deterioration,  except  in  spots  where  hitched  horses 
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have  pawed  holes  in  the  gutters  and  along  the  edging  of  the  street 
railroad  tracks;  while  on  South  Chicago  street  during  the  first 
winter  a  number  of  hairline  cracks  appeared  and  have  reappeared 
each  winter  only  to  close  up  during  the  following  summers.  The 
only  reasonable  explanation  that  can  be  offered  tor  the  phenome- 
noa  is  that  the  traffic  conditions  on  North  Chicago  street  being 
much  heavier  than  on  South  Chicago  street,  the  wearing  surface 
has  acquired  a  greater  compactness  and  density.  This  would  seem 
to  indicate  that  asphalt  is  a  material  fully  as  suited,  if  not  more  so, 
to  a  pavement  on  business  streets  of  moderately  heavy  traffic  as  to 
residence  streets  and  boulevards. 

Natural  rock  asphalt  is  a  material  which  has  recently  en- 
grossed considerable  attention  in  Joliet,  owing  to  the  strenuous 
etforts  of  the  promoters  representing  the  Federal  Asphalt  Com- 
pany, who  own  large  deposits  in  Kentucky,  to  find  an  opening  for 
it  in  Joliet.  The  principal  merits  claimed  for  it  are  that  the  con- 
tained bitumen  is  100  per  cent  pure,  entirely  free  from  organic  or 
inorganic  matter  either  chemically,  combined,  or  otherwise;  that  it 
is  also  more  fluid  and  similar  to  maltha,  requiring  the  use  of  no 
fluxing  agent;  and  that  the  pavement  will  endure  changes  of  tem- 
perature, climate,  weather,  and  water  without  being  affected  for 
periods  greatly  in  excess  of  the  life  of  artificial  mixtures.  What- 
ever may  be  the  truth  in  regard  to  these  claims,  and  the  supposed 
advantages  resulting  therefrom,  some  streets  recently  paved  with 
this  material  in  St.  Louis  and  in  California  would  indicate  that 
there  are  objections  to  its  use,  owing  to  the  non-uniformity  with 
which  the  bitumen  is  distributed  in  the  rock  and  possibly  to  the 
character  of  the  sand  forming  the  rock.  The  author  is  convinced 
that  in  all  asphalt  work  the  skill  of  the  operators  and  the  nature 
and  quality  of  the  sand  used,  as  well  as  the  flux,  are  equally  as 
important  as  the  source  of  the  asphalt.  Sand  which  is  too  fine- 
grained and  does  not  vary  in  size  from  the  very  minute  particle  to 
a  grain  a  twelfth  of  an  inch  in  diameter  should  never  be  used. 
Residuum  oil  as  a  fiux  should  give  way  to  a  proper  maltha  with  a 
high  flashing  point.     Theresa  avenue  in  St.  Louis,  claimed  to  be 
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the  best  piece  of  asphalt  paving  in  that  city,  was  put  down  with 
Gilsonite  from  Utah,  fluxed  with  California  maltha.  The  sand  used 
was  pumped  from  the  Mississippi  River  near  the  Merchants'  bridge 
and  uniformly  variable  in  size. 

One  of  our  most  difficult  problems  in  asphalt  work  is  to  pro- 
vide a  suitable  edging  or  marginal  finish  along  the  lines  of  street 
railroad  tracks.  If  the  asphalt  is  carried  direct  to  the  rail  the  re- 
pairs  to  the  tracks  and  the  vibration  of  the  rails  permit  the  admis- 
sion of  water  along  the  rails  to  the  foundation,  which  is  frequently 
attended  with  serious  consequences.  Not  only  does  the  asphalt 
rot  and  break  away,  but  in  weather  quickly  alternating  from  warm 
to  cold  the  water  saturating  the  foundation  becomes  frozen  and  an 
upheaval  of  the  pavement  at  the  joints  and  along  the  rails  is  sure 
to  follow.  Aurora  has  recently  passed  through  such  an  experi- 
ence. On  New  York  avenue,  in  that  city,  a  very  beautiful  piece 
of  asphalt  work  was  completed  last  October.  The  asphalt  surface 
was  crowned  to  a  perfectly  true  segment  of  a  circle,  the  paving 
material  being  brought  in  direct  contact  with  the  rails  on  both 
sides,  and  the  necessary  groove  for  the  wheel  flange  was  made  by 
running  a  car  over  the  track  while  the  asphalt  was  still  hot.  A 
more  pleasing  street  surface  would  be  hard  to  find;  yet,  to-day,  at 
every  joint,  both  on  the  inside  and  outside  of  the  rails,  there  is  a 
hump  of  asphalt  which  is  the  despair  of  the  company  that  did  the 
work  and  an  eyesore  to  every  resident  of  the  street.  The  trans- 
formation was  accomplished  in  a  few  hours  of  extremely  cold 
weather  after  a  period  of  snow  and  slush. 

Preparatory  to  laying  pavements  in  Joliet,  on  streets  in 
which  there  are  street  railroad  tracks,  it  is  first  required  that 
the  roadbed  for  the  track  shall  be  excavated  six  inches  below 
the  grade  of  the  bottom  of  the  ties  and  then  rolled  with  a 
heavy  steam  roller.  This  space  is  filled  with  concrete,  the 
ties  being  laid  thereon,  and  the  space  between,  aroufid  and 
over  the  ties  is  likewise  filled  with  concrete  to  a  depth  suitable 
for  receiving  the  binder  course  of  asphalt.  Along  the  rails, 
both  inside  and  outside,   brick  are  placed  alternately  as  headeis 
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and  stretchers,  forming  a  toothed  connection  with  the  asphalt. 
A  cement  grout  is  used  to  fill  the  interstices  between  the  brick 
and  between  the  brick  and  the  rails.  This  construction  is  far 
from  perfect,  and  leaves  much  to  be  desired,  the  brick,  where 
subject  to  the  cross  blows  of  passing  teams,  especially  at  intersec- 
tions, becoming  chipped  and  depressed  and  breaking  away  from 
the  asphalt.  Increasing  the  concrete  foundation  to  twelve  inches 
does  not  remedy  the  trouble,  and  cutting  down  an  inch  of  sand 
bedding  for  the  brick  to  barely  enough  to  bed  them  seems  only  to 
aggravate  the  difficulty.  In  Chicago,  at  some  of  the  boulevard 
crossings,  perfectly  squared  and  dressed  granite  blocks  have  been 
used  for  a  distance  of  three  feet  out  from  the  rail,  which,  so  far  as 
the  author  is  aware,  has  proved  satisfactory;  but  the  lighter  con- 
struction of  Joliet  seems  to  withstand  the  wear  and  traffic  fairly 
well. 

Brick  pavements  in  Joliet  have  endured  fairly  well,  everything 
considered;  for,  while  there  are  no  streets  that  are  perfection,  and 
some  of  the  construction  is  light,  especially  where  the  brick  are 
laid  on  four  inches  of  concrete,  the  prices  at  which  the  work  was 
done  (varying  from  J  1.07  per  square  yard  for  brick  laid  on  four 
inches  of  concrete,  in  1899,  to  {1.47  per  square  yard  for  two 
courses  of  Galesburg  brick,  laid  in  1893),  cannot  be  considered 
excessive.  The  weakness  of  the  four-inch  concrete  construction  is 
especially  noticeable  along  the  right-of-way  of  the  various  traction 
lines  on  which  the  plan  of  concreting  under,  between  and  over  the 
ties  was  not  adopted.  On  such  streets  the  location  and  position 
of  each  tie  supporting  the  rails  is  apparent,  due  to  the  slight  set- 
tlement of  the  brick  and  foundations  in  the  spaces  between  the 
ties.  Heretofore  sand  fillers  have  been  used  exclusively,  but  all 
the  new  work  is  planned  with  cement  grout  for  a  filler.  The  un- 
doubted efficiency  of  cement  grout  in  protecting  the  edges  of  the 
brick  from  rapid  abrasion  certainly  warrants  the  additional  cost  of 
the  filler.  In  some  recent  brick  construction  in  St.  Louis,  which 
was  laid  during  the  month  of  December,  provision  is  made  for  the 

expansion   of   the   pavement   during  warm  weather  by  inserting 
10 
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^-inch  scantlings  adjoining  each  curb  line,  and  also  at  intervals  of 
fifty  feet  transversely  across  the  roadway.  Instead  of  removing 
these  scantlings  after  the  rolling  and  grouting  of  the  brick  is  com- 
pleted, and  then  filling  the  space  with  pitch,  they  are  left  in  place 
and  form  part  of  the  pavement.  In  other  streets  in  the  same  city 
the  transverse  strips  are  being  omitted  entirely,  while  the  strips 
along  the  curbing  are  inserted  and  removed  and  the  space  filled 
with  an  asphalt  composition. 

It  may  be  of  some  interest  to  take  up  certain  details  of  the 
planning  and  laying  out  of  and  providing  for  street  improvements 
as  practiced  in  Joliet.  As  you  are  all  aware,  under  the  State  law 
providing  for  special  assessments  in  municipalities  having  a  popu- 
lation of  less  than  50,000  population,  the  Board  of  Local  Improve- 
ments has  no  power  to  originate  improvements,  but  can  only  a(!t 
upon  such  petitions  as  are  signed  by  property  owners  representing 
at  least  one-half  of  the  property  frontage  along  the  line  of  the  pro- 
posed inprovement.  The  hardships  worked  by  this  law  are  mani- 
fold. Many  desirable  improvements  asked  for  by  the  residents  of 
certain  districts  are  blocked  through  the  inability  to  provide,  per- 
haps, for  a  necessary  sewer  or  water-main  to  connect  with  an  exist- 
ing outlet  or  pipe,  owing  to  the  impossibility  of  getting  signatures 
to  a  petition  over  part  of  the  distance.  When  these  difficulties  are 
cleared  away  then  follows  the  preparing  of  resolutions,  the  esti- 
mate of  cost,  profiles  and,  finally,  an  ordinance  governing  the  im- 
provement. After  this  has  run  the  gauntlet  of  the  City  Council 
and  County  Court,  and  the  assessment  has  been  confirmed,  we  are 
ready  to  advertise  for  bids  and  award  the  contract.  The  proceed- 
ings usually  occupy  from  two  to  four  months.  The  first  field  work 
of  actual  construction  is  required  to  give  the  lines  and  grades  for 
curbing.  Usually  the  line  is  run  down  one  side  of  the  street  on  an 
offset  of  five  or  ten  feet.  Stakes  are  set  every  hundred  feet  on  this 
line  with  a  tack  in  the  head  for  line  and  a  crowfoot  on  the  side  for 
grade.  After  the  curbing  is  set,  a  sketch  or  plan  is  made  indicat- 
ing the  cur  blines,  intersecting  streets,  the  location  of  catch-basins, 
and  the  calculated  position  of  summits  with  the  distances  from  the 
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basins  marked  tfiereon.  New  levels  are  now  taken  on  the  curb  as 
set  at  the  indicated  points  for  summits  and  basins,  or  wherever  a 
break  in  the  grade  may  occur,  to  furnish  the  necessary  data  for 
preparing  the  final  instructions  for  paving  for  the  contractors'  use. 
These  instructions  take  the  form  of  a  tabulated  list  of  distances  to 
be  measured  down  from  the  top  of  the  curbing  to  the  surface  of 
the  finished  pavement  at  all  ruling  points,  as  well  as  a  statement 
of  the  crown  to  be  given  the  roadway  at  different  points.  The 
contractor  is  then  enabled  with  the  assistance  of  three  "T's,"  a 
straight-edge,  and  spirit  level,  to  set  all  the  pegs  necessary  for 
preparing  his  subgrade  and  finished  pavement  without  further 
instrument  work  by  the  engineers.  In  some  cities,  notably  Cin- 
cinnati and  St.  Louis,  a  straight  stretch  of  level  curbing  or  side- 
walk is  exceptional.  On  streets  where  a  level  curb  might  reason- 
ably be  expected,  we  find  introduced  summits  and  grades  of  one  to 
three  per  cent  ;  the  sidewalks  and  curbs  rise  and  fall  with  the  un- 
dulations of  the  roadway.  Apparently  this  plan  was  adopted  for 
the  sake  of  preserving  a  uniform  crown  and  cross-section  in  the 
roadway.  It  is  the  custom  in  Joliet,  on  level  streets,  to  vary  the 
cross-section  and  crown  of  the  roadway  so  much  as  may  be  neces- 
sary to  drain  the  gutters  from  the  various  summits  to  the  basins 
without  introducing  the  resulting  grade  into  the  curbs  and  walks. 
The  crown  will  usually  run  from  three  inches  at  the  summits  to 
nine  and  twelve  inches  at  the  basins,  depending  on  the  width  of 
roadway  and  distances  between  basins.  It  is  not  desirable  to 
have  gutters  with  less  than  0.5  per  cent,  grade. 

The  location  of  catch-basins  at  street  intersections,  or  at  inter- 
mediate points  in  the  block,  is  one  on  which  opinions  vary.  The 
practice  in  Joliet  has  largely  been  to  place  them  at  the  intersec- 
tions of  streets  where  the  pavement  has  a  maximum  crown,  thus 
facilitating  the  rapid  draining  of  the  cross-walks  in  wet  weather. 
The  cross-walks  are  formed  by  the  use  of  a  stone  header  set  par- 
allel with  and  six  inches  from  the  curbing  so  as  to  permit  of  an 
open  gutter  between  curb  and  header,  the  elevation  of  the  cross- 
walk being  practically  the  same  as  the  curbing.     This  does  away 
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with  any  step-down  from  the  sidewalk  to  the  paTement,  and  the 
author  believes  that  this  is  a  very  desirable  feature  in  any  pave- 
ment. The  ends  of  the  header  stone  are  rounded  so  that  the 
pavement  can  readily  be  formed  to  the  proper  shape  for  the  cross- 
walk. A  seeming  objection  to  this  construction  might  be  made 
due  to  the  opening  between  curb  and  header,  but  in  several  years 
of  use  in  Joliet  it  has  never  been  found  necessary,  or  even  desir- 
able, to  crown  the  opening  by  an  iron  plate,  or  adopt  other  con- 
struction. In  alley  and  driveway  intersections  it  is  also  customary 
to  avoid  a  step-down  from  the  walks  by  carrying  the  pavement  to 
the  elevation  of  the  return  curbs  and  sloping  gently  towards  the 
center  for  drainage. 

In  general,  contract  prices  for  street  pavements  have  been  sat- 
isfactory. Contracts  are  usually  let  at  a  stipulated  price  per 
square  yard  of  pavement,  per  lineal  foot  of  curbing,  and  per  cubic 
yard  of  excavation.  Excavation  with  a  maximum  haul  of  2,000 
feet  costs  30  cents.  Four-inch  limestone  curb,  thirty  inches 
deep,  dressed  and  set  in  place,  is  worth  37  cents  per  lineal  foot. 
Asphalt  has  varied  from  J1.51  per  square  yard  in  1899,  when 
60,000  yards  were  laid,  to  $1.70  per  square  yard  in  1900,  at  which 
rate  about  17,000  yards  were  put  down.  Brick,  under  the  present 
specifications,  costs  $1.35  per  square  yard,  while  macadam,  of  an 
average  thickness  of  nine  inches,  is  laid  for  50  to  60  cents  per 
square  yard.  Pit  gravel  loaded  on  the  wagon  at  the  bank  is  worth 
10  cents,  and  sand  50  cents  per  cubic  yard.  Crushed  limestone  at 
the  crusher  brings  75  cents  per  cubic  yard,  and  is  delivered  on  the 
work  under  a  city  contract  for  95  cents.  Ordinary  labor  is  paid 
from  ti.50  to  $1.75,  varying  with  the  demand.  Union  "rates  for 
team  and  driver  are  $3.50  per  day. 

In  closing,  a  summary  of  the  street  improvements  in  Joliet 
may  be  of  interest.  There  are  about  seventy-two  miles  of  streets 
within  the  city  limits  paved  as  follows:  15.6  miles  macadam;  3.6 
miles  asphalt;  3.3  miles  brick;  .6  miles  cedar  block.  This  makes 
atotalof  23. 1  miles  of  improved  streets,  or  about  32  per  cent., 
exclusive  of  roads  which  have  been  graveled. 
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DISCUSSION. 

Mr.  H.  a.  Stevens:  As  was  stated,  the  wooden  strips  placed 
in  the  pavements  in  St.  Louis  to  provide  for  expansion,  are  left  in 
in  some  places  while  in  others  they  are  removed  and  the  space 
filled  with  cement.  There  seems  to  be  a  difference  of  opinion  as 
to  the  relative  merits  of  the  two  methods. 

All  asphalt  work  is  guaranteed  for  ten  years  and  it  must  be 
kept  in  repair  during  this  time.  The  ordinary  specification  re- 
quires that  there  shall  be  no  depressions  more  than  three-eighths  of 
an  inch  under  a  straight-edge.  The  street  must  be  kept  so  as  to 
fulfill  this  requirement. 
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CAUSE  OF  RUMBLING  OF  BRICK  PAVEMENTS. 


DISCUSSION. 

Mr.  W.  C.  Lemen.  The  rumbling  is  a  serious  objection  to 
brick  pavements.  The  expansion  joint  seems  to  remedy  the  defect 
to  a  certain  extent.  Last  year  the  speaker  put  in,  in  the  City  of 
Paris,  1900  feet  of  paving.  A  longitudinal  expansion  joint  was 
placed  along  the  curb  and  a  transverse  joint  every  hundred  and 
fifty  feet.  The  joint  was  made  by  putting  a  three-quarter  inch 
strip  in  the  pavement  which  was  removed  and  the  space  filled 
with  number  six  pitch.  This  did  not  entirely  stop  the  rumbling, 
and  in  the  work  undertaken  this  year  a  longitudinal  joint  was 
made  along  the  curb  by  laying  six  rows  of  brick  next  to  the  curb; 
the  transverse  joints  were  put  in  every  twenty-five  feet,  being  made 
one-half  inch  wide.  This  seemed  to  remedy  the  difficulty  until, 
strange  to  say,  when  the  weather  was  warming  after  a  cold  spell, 
the  pavement  rumbled  again.  The  speaker  believes  that  if  the 
joint  could  be  constructed  of  a  material  which  will  not  harden 
when  it  becomes  cold,  it  would  be  efficient. 
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NATURAL  AND   PORTLAND  CEMENT  CONCRETE  FOR 

PAVING  FOUNDATIONS. 


DISCUSSION. 

Mr.  G.  W.  Graham:  The  speaker  would  like  to  have  the 
statements  of  some  of  the  members  as  to  whether  they  are  using 
natural  or  Portland  cement  for  paving  foundations.  He  has  to 
put  in  sixty  thousand  square  yards  of  paving  in  Freeport,  and  the 
people  are  not  satisfied  with  natural  cement. 

Mr.  H.  a.  Stevens:  In  Joliet  natural  cement  is  used  in 
paving  foundations.  The  speaker  does  not  consider  that  this 
gives  the  best  possible  foundation,  but  it  is  giving  fair  satisfaction. 
There  is  a  fair  foundation  to  begin  with,  and  natural  cement  con- 
crete does  v^ry  well. 

Prof.  A.  N.  Talbot:  It  is  quite  common  to  use  natural 
cement  for  paving  foundations;  and  where  the  soil  conditions 
are  such  that  no  extra  stresses  will  come  on  the  cpncrete,  and 
where  ditches  have  not  been  put  in  recently  without  being  prop- 
erly back-filled,  there  ought  to  be  no  difficulty  in  obtaining  good 
foundations  with  natural  cement  concrete  of  a  proper  mixture.  In 
Chicago  the  speaker  has  noticed  that  the  use  of  natural  cement 
concrete  has  been  abandoned  and  Portland  cement  is  used  en- 
tirely. Of  course  that  was  on  streets  with  heavy  traffic.  With 
the  cheapening  of  Portland  cement  it  undoubtedly  will  eventually 
be  used  for  paving  foundations  altogether. 

On  a  street  in  Champaign  a  foundation  was  laid  with  Portland 
cement.  This  was  because  the  cost  of  the  Portland  cement  and 
the  local  gravel  was  the  same  as  natural  cement  and  imported 
broken  stone,  and  the  gravel  concrete  gave  a  greater  strength  than 
the  broken  stone  concrete. 
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Mr.  H.  G.  Paddock;  Up  to  the  present  time  natural  cement 
has  been  used  altogether  for  paving  foundations  in  Moline.  There 
have  been  several  occasions  to  undermine  the  pavements  and  the 
foundations  were  found  to  be  in  good  condition.  However,  since 
the  price  of  Portland  cement  has  decreased  so  much,  it  is  being 
used. 

The  proportions  used  in  the  Portland  cement  concrete  used  in 
Chicago  were,  as  the  speaker  remembers  it,  one,  three,  seven.  A 
list  of  proportions  used  in  the  different  cities  was  given  in  Munici- 
pal Engineering.  Moft  of  them  for  Portland  cement  were  one, 
three,  six;  quite  a  number,  however,  were  one,  three,  seven. 

Mr.  B.  J.  Ashley:  In  connection  with  the  question  of  foun- 
dations, the  speaker  wishes  to  repeat  what  Mr.  H.  H.  Gross,  of 
Chicago,  told  him  a  year  ago:  Some  sample  brick  pavement  was 
put  in  on  La  Salle  street  by  the  Purington  Paving  Brick  Com- 
pany. Part  of  this  was  on  a  concrete  foundation  and  part  on  or- 
dinary macadam  in  which  there  was  no  cement  whatever.  The 
preparation  of  the  foundation,  both  for  the  concrete  and  the 
macadam,  was  first-class.  There  was  no  difference  in  the  two 
parts  of  the  pavement  after  a  number  of  years;  the  macadam  had 
served  the  purpose  fully  as  well  as  the  concrete.  He  also  told 
him  of  a  pavement  in  the  south  part  of  the  city,  which  had  been 
laid  on  macadam,  and,  after  a  long  number  of  years  was  fully  as 
good  as  though  it  had  been  laid  with  a  concrete  foundation.  This 
was  quite  a  surprise  to  the  speaker  and  he  repeats  it  as  being  an 
important  experience. 
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,     TRENCH  FILLING. 


DISCUSSION. 

Mr.  B.  J.  Ashley.  In  the  discussion  of  the  shrinkage  of 
earth  embankments  it  was  taken  for  granted  that  the  material  was 
loam  or  clay.  Sand  acts  very  much  different  than  other  kinds 
of  soils,  as  the  speaker  discovered  in  doing  some  trenching  in  sand. 
About  two  years  ago  the  speaker  was  call  upon  to  put  in  a  small 
waterworks  system  in  a  locality  which  was  entirely  in  sand.  It 
was  necessary  to  place  the  mains  about  five  feet  below  the  sur- 
face, and  the  trenches  were  taken  out  with  sloping  sides  so  as  to 
obviate  curbing.  The  sand  was  thrown  back  loosely,  the  inten- 
tion being  to  throw  water  on  it  after  the  trench  was  filled  to  settle 
it.  It  was  found  that  this  was  not  effective  and  another  method 
was  tried.  Two  men  on  horseback  galloped  back  and  forth  on 
the  trenches,   but  even  this  had  little  or   no  effect  and  finally  the 

• 

excess  material  had  to  be  hauled  off.  Two  years  later  the  speaker 
visited  the  place  and  found  no  signs  of  where  the  trenches  had 
been;  there  had  apparently  been  no  settlement.  It  is  possible 
that  the  material  just  above  the  mains  had  settled  but  that  the 
material  above  was  so  compacted  by  the  horses  that  it  formed 
an  arch.  This,  however,  does  not  seem  probable.  Later  the 
speaker  had  occasion  to  make  some  embankments  for  foundations; 
and,  in  the  light  of  his  former  experience,  he  decided  that  it  was 
necessary  to  cast  the  sand  into  water  in  order  to  obtain  complete 
settlement,  and  this  was  done. 

The  speaker  had  become  quite  interested  in  the  question  of 
the  settlement  of  sand  and  decided  to  make  some  experiments 
which  he  has  not  quite  completed  yet.  He  has  found  that  it  is 
not  possible  to  compact  damp  sand  by  tamping  as  much  as  by 
casting  it  directly  into  water.  He  has  also  found  that  pouring 
water  on  the  sand  has  no   effect  unless  it   is  completly  flooded. 
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The  conclusion  is  that  the  way  to  obtain  the  greatest  density  is  to 
cast  the  sand  into  water;  il  is  impossible  to  thoroughly  compact 
it  by  tamping.  In  some  of  the  experiments  a  tamping  force  of 
1200  pounds  was  used,  the  sand  being  put  in  in  three  or  four  inch 
layers,  but  the  volume  could  not  be  brought  to  within  five  to  eight 
per  cent  of  the  volume  when  flooded.  Some  experiments  were 
made  in  a  cylinder  about  an  inch  and  a  half  in  diameter  and  four- 
teen inches  long.  By  using  perfectly  dry  sand  and  striking  the 
cylinder  it  was  possible  to  obtain  a  slightly  greater  density  than 
by  flooding;  however,  the  effect  of  striking  the  cylinder  can  not  be 
reproduced  in  practice.  It  was  impossible  to  compact  the  sand  as 
much  by  pressing  it  on  top  as  by  flooding  it. 

It  is  generally  agreed  among  engineers  that  it  is  possible  to 
compact  clay  to  its  orignal  density  by  tamping  it  damp,  but  this 
is  certainly  not  true  of  sand. 

Mr.  J.  L.  Clark.  The  experience  of  the  speaker  has  been 
that  if  material  is  fllled  in  six  to  eight  inch  layers  and  thoroughly 
flooded  there  will  be  no  trouble  from  settlement. 

Mr.  a.  L.  Kuehn.  In  connection  with  what  has  been  said  by 
Mr.  Ashley  in  regard  to  sand  it  might  be  stated  that  sand,  if 
moistened,  will  increase  in  volume  from  sixteen  to  twenty  per  cent. 
However,  by  shaking  and  striking  the  containing  vessel  it  can  be 
brought  to  its  original  volume.  This  does  not  quite  agree  with  the 
flooding  results  of  Mr.  Ashley;  but,  perhaps,  flooded  sand  is  very 
much  different  from  moist  sand. 

Prof.  A.  N.  Talbot.  The  speaker  would  like  to  hear  from 
some  of  the  City  Engineers  present  as  to  whether  they  think  it 
advisable  from  the  standpoint  of  the  city's  welfare,  financially  and 
otherwise,  to  carefully  back-fill  all  trenches  whether  a  pavement  is 
to  be  put  in  at  the  time  or  not.  In  other  words,  in  our  ordinary 
Illinois  soil,  if  the  earth  is  thrown  back  loosely*and  left  to  pass 
through  several  winters,  will  it  be  possible  to  put  a  satisfactory 
pavement  over  it? 

Mr.  H.  a.  Stevens.  In  Joliet  the  practice  has  generally 
been    to  compact    the  material  in  back-filling    by  flooding.     The 
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results  are  very  satisfactory  and  it  is  much  cheaper  than  tamping. 
The  trench  is  kept  well  flooded  while  the  material  is  thrown  in, 
both  in  gravel  and  in  clay  soil.  After  the  trench  is  filled  a  steam 
roller  is  run  over  it.  The  speaker  has  in  mind  one  street  which 
was  paved  with  macadam  and  in  the  middle  of  which  a  trench  jras 
dug  for  a  sewer.  It  was  very  desirable  to  put  the  street  back  into 
first-class  condition.  As  the  material  was  thrown  back  into  the 
trench,  a*  stream  from  a  two  ajid  a  half  inch  hose  was  kept  on  the 
work;^  and  after  the  trench  was  filled,  a  steam  roller  was  run  over 
it.     There  has  been  no  depression  in  the  street  since. 

Mr.  H.  G.  Paddock.  The  first  pavement  in  Moline  was 
placed  on  a  street  in  which  there  had  been  some  trenching  done 
about  twenty-five  years  before  for  a  sewer.  The  top  surface  was 
taken  oU  to  a  depth  of  about  eighteen  inches.  There  was  no  sign 
of  the  trench  either  before  the  excavation  or  after,  or  when  the 
surface  was  rolled  with  a  four  or  five  ton  horse  roller.  The  pave- 
ment, however,  settled.  Since  that  time  all  trenches  have  been 
flooded  when  they  where  back-filled  and  rolled  with  fifteen  ton 
steam  roller,  and  there  have  been  no  signs  of  depressions. 

Mr.  J.  C.  QuADE.  The  speaker  agrees  with  Mr.  Stevens  that 
flooding  a  trench  in  doing  the  back-filling  is  the  best  and  the  most 
economical  method  of  compacting  the  material.  This  can  be  done 
very  easily  in  trenches  in  which  there  are  water  mains  without 
damage.  However,  if  this  method  is  permitted  in  sewer  work,  the 
cement  should  be  given  time  to  set  before  any  water  is  thrown  into 
the  trench,  or  the  sewer  will  be  damaged,  especially  if  there  is  a 
good  deal  of  water  in  the  trench  in  the  first  place. 

The  speaker  recalls  an  experience  which  he  had  while  working 
on  some  pavement  for  Professor  Talbot.  A  trench  had  been  made 
in  the  street  some  twenty  years  before  for  a  drain  tile.  There  were 
no  signs  of  this  trench,  either  before  or  after  the  excavation  had 
been  made,  but  after  the  surface  was  rolled  the  line  of  the  trench 
could  be  detected.  The  speaker  believes  that  where  a  ditch  is 
not  tamped,  a  crust  is  formed  by  wagons  which  supports  the  sur- 
face, removing  all  signs  of  the  trench. 
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** CIVILIZATION  AND  WAGON  ROADS." 


BY    IRA    O.     BAKER. 


"The  roads  of  a  country  are  accurate  and  certain  tests  of  its 
civilization.''  Considering  roads  in  the  broadest  sense  as  means 
of  communication  and  transport  on  land,  and  thus  as  including 
railroads,  wagon-roads  and  city  streets,  it  is  true  that  the  degree 
of  civilization  which  any  people  have  attained  is  indicated  by  the 
condition  of  their  roads;  but  if  by  roads  is  meant  only  those 
traversed  by  wagons,  it  is  not  true  that  the  condition  of  the  roads 
measures  the  civilization  of  a  country.  The  condition  of  the 
wagon-roads  is  dependent  upon  other  elements  than  the  state  of 
civilization;  as,  for  example,  upon  the  density  of  population,  the 
frequency  of  the  use  of  roads,  the  character  of  traffic,  the  kind  of 
crops,  the  topography,  the  opportunity  for  drainage,  the  proximity 
of  suitable  road-building  material,  etc.  As  a  rule  the  condition  of 
the  wagon-roads  is  no  indication  of  the  degree  of  civilization  of  the 
local  community. 

The  problem  of  good  roads  depends  in  every  case  upon  local 
conditions,  and  no  general  solution  can  be  found.  The  broken 
stone  road  in  the  moist  climate  of  France  is  an  ideal  road,  but  in 
the  dry  climate  of  Northern  Italy  it  becomes  a  dusty  nuisance. . 
The  principles  and  practices  of  France,  England,  Germany  and 
Switzerland,  although  most  excellent  for  those  countries,  are  not 
necessarily  applicable  in  this  country.  The  broken-stone  road 
may  be  well  suited  to  the  soil  and  climate  of  England,  but  who 
can  foretell  the  effect  of  sticky  Illinois  mud  on  such  a  road?  The 
wagon-ways  of  the  leading  European  countries  represent  the  ex- 
perience of  centuries  in  road-building,  and  the  chief  motive  in  the  j 
construction  of  many  of  them  was  military  rather  than  commercial 
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or  social.  These  countries  have  a  dense  and  comparatively 
wealthy  population,  an  undulating  surface,  aHording  ready  drain- 
age, and  an  abundance  of  suitable  material  for  constructing  per- 
manently good  roads;  while  in  the  United  States  are  immense 
areas  having  a  sparse  and  comparatively  poor  population,  without 
gravel  or  broken  stone  suitable  for  road-building  purposes. 
Further,  the  advent  of^he  railroad  has  materially  changed  the  con- 
dition with  reference  to  many  of  the  European  wagon-roads. 

The  first  inhabitants  of  this  country  were  too  fully  occupied  in 
subduing  the  wilderness,  establishing  homes,  opening  farms  to 
provide  the  necessaries  of  life,  and  setting  up  the  framework  of  a 
government,  to  give  much  attention  to  the  conveniences  and  com- 
forts of  transportation,  and  hence,  their  wagon-roads  were  of  the 
crudest  and  poorest  sort.  Later,  just  as  an  extension  of  the  pop- 
ulation to  the  West  necessitated  the  development  of  better  means 
of  transportation,  the  introduction  of  the  railroad  made  less  im- 
portant the  wagon-roads  and  engrossed  the  attention  of  the  popu- 
lation of  the  new  territory.  In  a  large  part  of  the  United  States 
the  railroad  has  been  the  pioneer,  and  rendered  unnecessary  long 
lines  of  wagon  transportation.  At  present  this  country  is  so  well 
supplied  with  excellently  managed  railroads  that  the  chief  function 
of  the  wagon-road  is  to  afford  easy  communication  and  transporta- 
tion between  neighboring  farms,  and  between  the  farm  and  the 
nearest  railroad  station.  Thus  the  problem  of  good  roads  has  be- 
come a  local  question  both  with  respect  to  the  community  the  road 
serves  and  to  the  materials  and  methods  most  suitable  for  use  in 
the  construction. 

The  writer  has  collected  the  following  data  for  the  benefit  of 
the  good-road  enthusiast  who  is  ever  so  ready  to  compare  the 
justly  celebrated  road  system  of  France  with  that  of  America, 
much  to  the  disparagement  of  the.Iatter:  France  has  one  mile  of 
road  for  each  0.66  square  mile  of  area,  Massachusetts  one  mile  of 
road  for  each  0.48  square  mile  of  area.  New  York  0.61,  Illinois 
0.53,  and  New  Jersey  0.43.  In  other  words,  America  has  about  as 
many  roads  per  square  mile  as   France.     Again,  France  has  one 
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mile  of  road  for  each  119  of  population;  Massachusetts  164,  New 
Jersey  100,  New  York  90,  and  Illinois  46.  The  population  of 
France  is  about  four  times  as  dense  as  that  of  Illinois.  Road  la- 
borers receive  50  cents  per  day  in  France,  and  ti.50  in  America. 
The  annual  expense  on  roads  of  France  is  $143  00  per  mile  of 
road,  $223  per  square  (nile,  and  $1.39  per  inhabitant;  in  Massachu- 
setts $22.17  per  mile,  $50.72  per  square  mile,  and  46  cents  per 
capita;  in  New  Jersey  $43.24  per  mile  of  road,  $100.06  per  square 
mile,  and  43  cents  per  capita;  in  New  York  $30.00  per  mile  of 
road,  $49.20  per  square  mile,  and  33  cents  per  capita;  in  Illinois 
$34.86  per  mile  of  road,  $65.80  per  square  mile,  and  77  cents  per 
capita.  In  other  words,  France  is  spending  nearly  four  times-  as 
much  per  mile  of  road  as  Illinois,  three  and  a  half  times  as  much 
per  square  mile,  and  about  twice  as  much  per  capita. 

The  good-road  enthusiast  who  writes  so  glibly  that  the  condi- 
tion of  the  road  indicates  the  state  of  civilization  and  who  reiter- 
ates the  praises  of  the  stone  roads  of  France  and  England,  is  prone 
to  denounce  the  prairie  roads  of  the  Mississippi  Valley  and  of 
Illinois  in  particular,  as  the  worst  imaginable.  On  the  contrary, 
the  author  believes  that  the  roads  in  the  '*corn  belt"  of  Illinois  are 
among  the  best  in  the  country,  and  that  with  a  little  intelligent  care 
they  can  be  made  on  the  whole  second  to  none.  The  earth  roads  in 
the  prairie  portion  of  Illinois  are  usually  excellent  eight,  and  some 
years  ten  months  of  the  twelve;  and  are  reasonably  good  for  ten  or 
twelve  months  of  the  year;  but  there  are  times  in  the  spring  when 
the  frost  is  going  out  of  the  ground  that  they  are  practically  impas- 
sible for  loads.  However,  through  the  underdrainage  of  the  soil 
by  tile  and  through  a  better  care  of  the  surface,  the  period  of 
impassibility  is  comparatively  short.  There  has  been  a  very  great 
improvement  in  these  directions  in  recent  years,  but  there  is  still 
room  for  discriminating  improvement. 

The  earth  roads  of  the  prairie  states  are  easily  cared  for  and 
usually  are  kept  in  reasonably  good  condition.  If  you  think  the 
roads  of  the  *'corn  belt "  are  bad,  go  to  a  locality  where  sand  pre- 
dominates; and  after  wallowing  through  sand  hadf-hub-deep,  you 
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will  probably  long  for  the  mud  roads  of  Illinois.      Or,  go  to  a  hilly 

• 

or  even  an  undulating  locality,  where  the  roads  are  gullied  out  by 
the  rains  and  where  the  stones  stick  above  the  ground  or  roll 
around  on  the  surface,  and  after  grinding  along  on  the  pebbles, 
jolting  over  the  stones,  and  racing  up  and  down  hill  for  a  half  day, 
you  may  prefer  the  smooth,  level  roads  of  Illinois  for  business 
purpose  and  perhaps  for  pleasure  driving.  The  hill  country  is  a 
very  good  place  to  spend  a  summer's  vacation,  provided  you  do 
not  attempt  much  driving;  but  for  everyday  use  there  are  some 
advantages  in  favor  of  prairie  roads. 

Unfortunately,  the  good-road  enthusiast  has  sought  to  improve 
the  roads  of  the  prairie  states  by  trying  to  prove  to  the  farmer  that 
he  would  save  vast  sums  of  money  in  the  marketing  of  his  produce 
by  the  construction  of  stone  roads.  The  farmer  has  been  market- 
ing his  farm  products  for  a  good  many  years,  and  has  not  been 
conscious  that  it  has  cost  him  much,  if  anything;  and  he  can  not 
see  how  he  will  save  money  by  spending  large  sums  to  build  and 
maintain  expensive  stone  roads,  when  all  of  his  transportation  on 
"poor"  roads  costs  him  little  or  nothing.  Many  of  the  farmers  of 
Illinois  have  had  experience  with  hard  roads  in  the  Eastern  States, 
and  believe  as  an  octogenarian,  whose  letter  shows  him  to  be  an 
educated,  observant,  public-spirited  man,  wrote  to  the  author  a 
short  time  ago:  **I  feel  satisfied  from  my  own  experience  in 
Illinois  and  in  Massachusetts,  that  if  we  had  hard  roads  in  Illinois 
the  increased  expense  of  repairing  wagons  and  shoeing  horses  and 
of  the  bother  and  cost  of  having  a  lame  horse  in  the  barn  eating 
his  head  off,  would  be  more  than  the  total  cost  of  marketing  our 
products  over  earth  roads.  I  do  not  believe  that  I  would  have 
received  one  dollar  more  for  the  produce  I  have  delivered  to  the 
railroad  station  for  the  last  forty  years,  even  if  the  roads  had  been 
of  the  best  stone  or  brick."  The  farmer  has  turned  an  indifferent 
or  hostile  ear  to  all  such  advocates;  and  if  these  arguments  have 
accomplished  anything,   it  has   been  to  retard  road  improvement 

For  example,  what  is  the  probable  effect  upon  the  farmers 
when   the   council   of   a   city   having   no   pavements    appoints    a 
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committee  of  citizens  to  urge  farmers  to  build  hard  roads  costing 
$10,000  per  mile  past  farms  worth  $5,000  with  a  house  every  half 
mile,  to  connect  with  an  unpaved  street  with  houses  (some  of  them 
J 1 0,000  ones)  every  hundred  feet,  as  was  done  to  the  personal 
knowledge  of  the  writer?  The  said  committee  has  not  yet  had  a 
meeting! 

With  due  defference  to  the  would-be  road  reformer,  it  is  not 
true  economy  to  greatly  increase  road  expenses  to  permit  the 
farmer  to  use  the  roads  a  comparatively  few  more  days  in  the  year. 
For  some  years  the  writer  has  been  hoping  to  find  time  to  prepare 
an  article  to  show  that  the  sidewalks  in  town  should  be  covered 
with  a  roof.  After  a  little  study  anyone  will  be  astonished  at  the 
arguments  that  can  be  advanced  for  this  proposition.  Just  think 
of  the  expense  of  umbrellas,  of  the  persons  who-  have  had  a  long 
spell  of  sickness,  which  possibly  resulted  in  death  because  of 
having  been  caught  in  a  shower,  and  of  the  suits  of  clothes  that 
have  been  damaged  by  getting  wet,  of  the  time  lost  by  the  business 
men  in  waiting  until  the  rain  is  over,  not  to  speak  of  ruined  Easter 
bonnets,  and  the  cost  in  time  and  money  of  unnecessary  shoe 
blacking.  The  arguments  may  be  made  to  closely  parallel  those 
used  to  prove  that  the  farmer  should  build  high-priced  roads  so* 
that  he  may  haul  heavy  loads  on  the  road  any  day  of  the  year,  and 
can  easily  be  made  equally  convincing. 

Although  the  road  question  is  local  in  its  nature,  it  is  not 
unimportant-in  its  relation  to  the  political  and  social  development 
of  the  country.  The  political  and  social  life  of  the  states,  as  well 
as  their  economic  advance,  is  to  a  considerable  extent  determined 
by  the  readiness  with  which  the  people  obtain  the  association  with 
one  another,  which  leads  to  the  development  of  a  public  spirit. 
In  closing  the  writer  urges  (i)  that  the  advocates  of  road  improv- 
ment  should  base  their  arguments  on  social,  educational,  and 
political  grounds  and  not  alone,  or  even  chiefly,"  upon  commercial 
needs;  and  (2)  that  much  more  attention  should  be  given  to  the 
local  conditions;  and  finally  (3)  that  it  is  not  wise  to  advocate 
high-priced  broken  stone  roads  as  substitutes  for  poorly  cared  for 
earth  ones. 
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CAN  BROKEN  STONE  ROADS  BE  BUILT  IN  THE  CORN 

BELT  OF  ILLINOIS  WHICH  WILL  NOT  BE  PICKED 

TO  PIECES  BY  THE  STICKY  MUD? 


DISCUSSION. 

Mr.  J.  L.  Clark.  In  the  vicinity  of  Momence  the  mud  is  of 
the  sticky  variety.  It  is  sometimes  so  bad  that  it  is  necessary  to 
stop  every  two  hundred  feet  to  poke  it  out  of  the  wheels.  Stone 
has  been  put  on  these  roads.  The  work  was  not  done  scientifically, 
but  the  material  was  just  dumped  on  the  roads.  For  the  first  year 
the  stone  picks  up  badly,  but  after  that  the  top  surface  seems  to 
become  cemented  together  and  the  road  wears  out  uniformly. 
When  the  speaker  saw  the  road  at  Bloomington  last  year  his  ideas 
on  the  matter  were  somewhat  shaken.  He  went  to  Indiana,  in  the 
vicinity  of  Lowell.  Here  he  found  that  gravel  was  used  among 
other  road  metal.  The  top  surface  of  the  gravel  is  compressed 
and  cemented  together;  and  after  a  little  repairing  at  the  end  of 
the  first  year  there  is  no  trouble  from  picking  up. 


11 
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REPORT  OF  THE  COMMITTEE  ON  ROADS 

AND  PAVEMENTS. 


For  the  iDformation  and  possible  instruction  of  the  members 
of  the  Society,  your  committee  has  arranged  with  our  distinguished 
local  member,  H.  A.  Stevens,  City  Engineer  of  Joliet,  for  a  paper 
giving  a  historical  and  outline  description  of  the  pavements  of  the 
city  in  which  we  hold  our  present  meeting.  This  paper  was  solic- 
ited in  the  belief  that  one  of  the  advantages  of  membership  in  this 
Society  is  the  privilege  of  becoming  acquainted  with  the  municipal 
work  of  the  various  cities  in  which  we  hold  our  annual  meetings. 

It  is  difficult  to  find  anything  new  or  valuable  to  record  on  the 
subject  assigned  to  this  committee.  The  law  relating  to  the 
special  assessments  for  pavements  seems  to  be  reasonably  satis- 
factory, and  under  its  provisions  the  smaller  cities  are  gradually 
paving  their  main  streets.  Brick  continues  to  be  the  leading  paving 
material  for  light-traffic  streets  in  localities  remote  from  quarries 
of  rock  suitable  for  macadam.  The  low  price  of  cement  the  past 
year  has  been  favorable  to  the  introduction  of  concrete  founda- 
tions— which  usually  is  a  desirable  form  of  construction.  How- 
ever, an  inspection  of  the  streets  of  almost  any  city  will  show 
numerous  depressions  over  trenches  dug  for  sewers,  water  pipes, 
gas  conduits,  etc.,  often  notwithstanding  the  use  of  concrete. 
This  shows  the  importance  of  the  careful  back-filling  of  all  trenches, 
and  shows  also  the  necessity  for  thoroughly  rolling  the  subgrade. 
Most  of  the  depressions  in  the  pavements  run  longitudinally  with 
the  street,  which  shows  that  the  rolling  was  more  effective  on  the 
transverse  trenches  than  the  longitudinal  ones.  The  only  way  to 
prevent  these  depressions  is  to  roll  the  street  thoroughly  both 
longitudinally  and  transversely,  which  practically  requires  the  use 
of  a  steam  roller. 


Report  of  Committee  on  Roads  and  Pavements.  151 

The  bill  introduced  into  the  last  legislature  for  state  aid  for 
hard  roads  was  not  considered  on  its  merits  even  in  committee — 
primarily  on  account  of  the  shortness  of  the  legislative  session. 
The  meager  discussion  of  the  proposal  in  the  newspapers  raised  a 
question  that  properly  falls  to  the  members  of  this  Society  to  inves- 
tigate. The  proposition  to  build  hard  roads  is  practically  a  propo- 
sition to  build  crushed  stone  roads,  since  gravel  suitable  for  road 
building  is  limited  in  both  quantity  and  distribution,  and  since 
brick,  the  next  cheapest  material,  will  usually  cost  more  than 
crushed  stone.  In  the  discussion  of  the  hard  road  bill,  the  claim 
was  made  that  there  was  some  doubt  whether  a  crushed  stone  road 
could  be  constructed  in  the  **corn  belt,"  which  would  not  be  picked 
to  pieces  by*the  sticky  mud  of  that  part  ,of  our  state.  In  proof  of 
this  claim  the  complete  failure  of  two  or  three  very  crude  attempts 
at  stone  road  construction  was  cited;  but  most  of  the  examples 
were  without  value,  owing  to  the  unscientific  methods  of  construc- 
tion employed. 

However,  one  of  the  examples  is  instructive.  The  members 
of  this  Society  will  remember  that  at  the  time  of  our  last  annual 
meeting,  in  Bloomington,  there  had  recently  been  completed  at 
that  place  about  three  miles  of  macadam  road  built  of  chert  (im- 
properly, but  commonly,  called  novaculite)  imported  from  Elco,  a 
small  place  about  20  miles  northwest  of  Cario.  At^the  time  of  our 
meeting,  some  of  the  members  of  the  Society  inspected  the  road 
and  found  signs  of  a  tendency  to  pick  up;  and  an  examination  late 
last  spring  showed  that  the  road  had  deteriorated  rapidly  under  the 
pulling  action  of  the  mud.  The  surface  was  rough  and  uneven, 
and  full  of  cradle  holes. 

The  material  employed  in  this  road  was  reasonably  satisfac- 
tory, and  was  much  better  than  most  of  the  material  that  will 
probably  be  used  in  future  road  construction  in  Illinois.  Chert 
has  a  fair  degree  of  binding  power  in  itself,  and  the  particular 
sample  employed  in  the  Bloomington  roads  is  associated  with  a 
ferruginous  clay  which  has  a  very  high  cementing  power.  This 
road  was  not  built  with  the  utmost  care,  in  that  it  was  not  sprinkled 
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during  rolling  and  was  not  rolled  as  much  as  is  usually  considered 
necessary  for  the  best  results.  It  is  ordinarily  considered 
economical  to  sprinkle  and  roll  until  the  surface  is  puddled,  i.  e., 
until  a  thin  grout  flushes'  to  the  surface  and  a  wave  of  dirty  water 
flows  in  front  of  the  roller.  The  three  miles  of  road  referred  to 
above  were  built  in  two  sections;  and  the  section  which  according 
'  to  local  reports  best  stood  the  wear  and  tear  of  a  winter's  use,  is 
favorably  situated  as  far  as  the  action  of  the  mud  is  concerned, 
since  it  connects  at  one  end  with  Bloomington's  system  of  brick 
pavements,  and  has  comparatively  few  side  roads  connecting  with 
it.  If  a  road  constructed  of  the  grade  of  material  employed  at 
Bloomington,  built  with  the  care  given  to  that  construction,  and 
as  favorably  located  as  that  road,  is  picked  to  pieces  in  a  single 
winter,  it  is  desirable  to  inquire  whether  it  is  possible  to  build  any 
stone  road  on  the  sticky  soil  of  the  corn  belt  which  will  not 
similarly  fail? 

Chert  (novaculite)  has  been  used  at  Cairo  to  a  considerable 
extent,  but  the  experience  there  is  only  an  uncertain  guide  for  the 
central  portions  of  the  state,  since  the  unpaved  streets  of  that 
place  have  been  filled  with  sand  from  the  Mississippi  and  conse- 
quently are  not  to  be  compared  with  the  soil  of  the  corn  belt 
for  stickmess.  The  chert  pavements  of  Cairo  have  not  been  built 
with  the  utmost  care,  but  have  given  reasonable  satisfaction.  At 
Jackson,  Tenn.,  chert  has  been  used  with  great  success,  but  here 
again  the  soil  is  sandy  and  hence  this  experience  is  without  value 
for  Central  Illinois. 

Your  committee  is  aware  that  limestone  roads  have  been  built 
in  Northern  Illinois,  and  has  sought  to  secure  information  on  this 
point  by  correspondence,  but  the  replies  have  been  so  few,  and  so 
long  delayed,  and  so  brief,  as  to  be  practically  useless  in  throwing 
light  upon  this  subject.  In  all  probability  valuable  data  can  be 
obtained  only  by  an  expert  upon  the  ground,  and  possibly  only  by 
an  expert  thoroughly  conversant  with  the  original  situation  and 
with  the  details  of  the  construction  while  in  progress.  The  items 
about  which  it  is  desirable  to  have  full   information  are  as  follows: 
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The  nature  of  the  soil,  the  drainage  of  the  roadbed,  the  prepara- 
tion of  the  sub-grade,  the  character  of  the  stone  employed,  the 
sizes  and  thickness  of  the  stone  in  the  several  courses,  the  amount 
of  rolling  each  course  received,  the  width  of  face  and  weight  of 
the  roller  used,  the  amount  of  sprinkling,  the  length  of  time  the 
road  has  been  in  use,  the  expense  for  repairs,  the  amount  and 
nature  of  the  traffic,  the  width  paved,  the  grades,  etc.  Doubtless 
many,  perhaps  most  of  the  stone  roads  are  not  rolled,  but  are  left 
to  be  consolidated  by  tKe  traffic,  in  which  case  data  should  be  ob- 
tained as  to  the  degree  of  consolidation  after  specified  amounts  of 
travel. 

Apparently  this  is  an  investigation  belonging  peculiarly  to  the 
me'mbership  of  this  Society,  and  your  committee  begs  permission 
to  express  the  hope  that  some  members  of  the  Society  can  be 
found  who  reside  in  the  regions  where  crushed  stone  roads  are  com- 
mon and  who  will  investigate  this  subject  and  report  their  conclusions 
to  the  Society,  and  by  so  doing  add  to  the  reputation  of  the  Society 
and  advance  the  science  of  road-building. 

Respectfully  submitted, 

Ira  O.   Baker, 

For  the  Committee. 
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THE  STATE   DAM  AND  TAIL  RACE  AT  JOLIET,   ILL. 


BY    JOHN    W.     ALVORD. 


The  State  of  Illinois  owns  a  very  valuable  water-power  in  the 
City  of  Joliet,  which  is  now  leased  to  the  Economy  Light  &  Power 
Co.,  and  is  operated  by  them.  The  water-power  originated  in  the 
construction  of  the  Illinois  and  Michigan  Canal  many  years  ago, 
at  which  time  the  State  acquired  the  necessary  lands  and  built 
what  was  then  known  as  Dam  No.  i,  just  north  of  Jackson  street 
bridge.  It  also  built  Dam  No.  2,  which  was  located  just  north  of 
Jefferson  street  bridge.  These  dams  created  two  basins,  known  as 
the  upper  and  lower  basin,  by  means  of  which  the  original  canal 
was  enabled  to  obtain  navigation  by  slack  water  over  a  distance  of 
about  a  mile  and  a  half  of  the  Desplaines  River,  and  also  to  effect 
the  crossing  of  that  stream.  Incidentally  there  was  created  at 
Dam  No.  i  a  fall  of  ten  feet  and  a  variable  water-power  of  about 
500  gross  horse-power. 

In  1898  the  Sanitary  District  of  Chicago,  in  providing  for  the 
completion  of  their  work,  took  up  the  question  of  passing  the  max- 
imum flow  of  their  new  channel,  together  with  the  flood  water  of  the 
Desplaines  River,  through  the  City  of  Joliet.  Any  consideration 
of  this  problem  which  would  leave  the  State  canal  uninjured"  in- 
volved  radical  changes  and  expensive  construction  in  the  dams  and 
locks  then  existing.  The  maximum  amount  of  water  to  be  pro- 
vided for  would  be,  according  to  the  estimates  of  the  Sanitary  Dis- 
trict engineers,  about  1,500,000  cubic  feet  per  minute  in  times  of 
flood.  A  preliminary  contract  for  these  changes  was  made  be- 
tween the  Commissioners  of  the  State  and  the  Trustees  of  the 
Sanitary  District,  in  which  the  general  nature  of  the  changes  were 
outlined,  and  it  was  agreed  that  the  work   should  be  done  by  the 
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Sanitary  District,  subject  to  the  control  and  approval  of  the  Canal 
Commissioners. 

When  the  detail  plans  of  the  Sanitary  District  were  received, 
the  author's  firm  was  called  in  to  report  upon  the  same,  and  in  the 
course  of  the  investigation  which  followed  it  was  developed  that 
the  possible  future  power  which  might  be  utilized  at  Dam  No.  i 
would  be  seriously  curtailed  by  a  proposed  reduction  in  height  of 
3.6  feet.  Other  features  of  the  proposed  plans  were  considered  as 
injuring  the  State  and  its  canal,  and,  as  the  report  gave  rise  to 
prolonged  and  expensive  litigation,  in  which  no  less  than  sixteen 
expert  hydraulic  engineers  of  national  reputation  were  called  in, 
the  author  takes  the  liberty  of  quoting  its  most  important  pas- 
sages: 

**  As  intimated  in  our  preliminary  report,  the  preservation  of 
the  level  of  the  upper  basin  has  seemed  to  us  to  be  an  important 
feature.  It  is  quite  evident  that  any  material  fluctuation  of  this 
basin,  especially  below  the  present  and  proposed  level,  would  se- 
riously affect  the  navigation  of  that  part  of  the  canal.  This  level 
is  maintained  at  present  by  the  fixed  crest  of  Dam  No.  i.  It  may 
have  a  maximum  variation  of  3.5  feet,  due  to  the  effect  of  floods  in 
the  Desplaines  River.  It  is  proposed  to  lower  the  crest  of  this 
dam  3.6  feet,  so  that  the  minimum  flow  of  the  drainage  channel 
(300,000  cubic  ieet  per  minute)  will  maintain  the  same  level  as  at 
present,  the  floods  of  the  Desplaines  River  raising  this  level  as 
much  as  they  do  now. 

"  In  this  connection  it  may  be  noticed  that  hydraulic  formulas 
for  the  flow  of  water  over  weirs  are  based  upon  measurements 
made  upon  crests,  the  depth  upon  which  has  not  much  exceeded 
two  feet.  In  applying  formulas  derived  from  such  measurements 
to  flows  of  1,500,000  cubic  feet  per  minute,  as  is  here  contem- 
plated, it  is  evident  that  the  results  must  be  somewhat  approxi- 
mate, and  that  the  exact  level  for  large  quantities  can  only  be 
known  within  perhaps  15  or  20  per  cent,  of  the  truth. 
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"The  quantity  of  water  to  be  passed  over  the  proposed  crest 
of  Dam  No.  i  is  also  variable,  ranging,  in  our  judgment,  ail  the 
way  from  246,000  cubic  feet  up  to  the  maximum  above  mentioned. 

"  We  would  call  attention  to  the  fact  that  such  a  flow  over 
the  proposed  crest  would  result  in  lowering  the  level  of  the  upper 
basin  to  less  than  4.5  feet  over  the  sill  of  lock  4,  which  is  about 
18  inches  below  proper  navigable  depth. 

**  If  remedy  for  these  conditions  be  sought  in  raising  this  fixed 
crest  to  the  height  of  the  present  dam,  we  would  observe  that  the 
flood  heights,  due  to  the  ultimate  capacity  of  the  drainage  chan- 
nel, combined  with  the  maximum  floods  of  the  Desplaines  River, 
would  require  extensive  constructions  over  those  proposed  in  the 
present  plans.     *     *     * 

'<  It  has  already  been  pointed  out  that  it  is  essential  to  the 
maintenance  of  the  proper  water  level  in  the  upper  basin  to  retain 
the  crest  of  Dam  No.  i  as  it  has  existed  the  past  flfty  years.  This 
is  as  important  for  the  power  as  for  the  navigation  interests,  and 
especially  with  reference  to  the  provision  in  the  contract  between 
the  Commissioners  of  the  Illinois  &  Michigan  Canal  and  the 
Trustees  of  the  Sanitary  District,  by  which  the  latter  agree  to 
maintain  this  head  undiminished.  We  do  not  see  how  this  can  be 
done  with  a  lower  crest  with  that  certainty  which  at  all  times  is 
necessary. 

"With  reference  to  the  capacity  of  the  tail  race  at  this  point, 
with  a  view  to  the  future  development  of  all  the  available  power, 
we  would  suggest  that  it  is  feasible  to  open  such  a  tail  race  with- 
out acquiring  additional  land  south  of  Jackson  street.  This  can  be 
done  by  removing  the  flrst  pier  of  the  bridge  west  of  the  east  abut- 
ment, and  substituting  a  single  span  where  two  now  exist.  Also 
by  making  some  chStnge  in  the  alinement  of  the  eastern  abutment. 
By  these  changes  a  width  of  65  feet  and  a  suitable  curve  for  a  tail 
race  cut  to  a  depth  of  25  feet  into  a  solid  rock,  which,  with  the 
properly  excavated  outlet,  will  pass  560,000  cubic  feet  per  minute 
with  a  mean  velocity  of  5.5  feet  per  second.  When  this  quantity 
is  passing  through  this  outlet  in  the  tail  race  there  will  be  a   les- 
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sened  flow  over  the  crest  of  the  dam  to  retard  its  exit  into  the 
channel." 

The  above  quotation  fairly  represents  the  position  of  the 
Canal  Commissioners'  contention.  The  position  of  the  Sanitary 
District  being,  in  brief,  that  having  created  the  additional  flow  of 
300,000  cubic  feet  per  minute  by  means  of  their  main  channel, 
which  would  create  about  6,000  gross  horse-power  at  Dam  No.  i, 
they  were  not  necessarily  obliged  to  bestow  the  use  of  this  addi- 
tional water  upon  the  State  at  Dam  No.  i  for  power  purposes,  and 
thereby  place  themselves  under  the  necessity  of  expensive  con- 
structions above  that  dam  for  the  purpose  of  controlling  the  flood 
water  of  the  Desplaines  River.  They,  therefore,  proposed  to  cut 
the  heighth  of  the  dam  down  so  that  with  the  increased  quantity 
of  flow  caused  by  the  opening  of  their  channel  the  ordinary  eleva- 
tion  of  the  water  above  Dam  No.  i  would  still  be  as  near  as  possi- 
ble what  it  always  had  been  in  times  of  normal  flow  of  the  Des- 
plaines River,  and  the  case  turned  largely  upon  this  point,  it  be- 
coming an  interesting  question  of  hydraulics  as  to  whether  this 
level  could  be  maintained  with  accuracy  sufficient  to  maintain  nav- 
igation on  the  canal. 

The  Sanitary  District  was  represented  by  a  large  number  of 
formidable  hydraulic  experts  who  testified  that  this  could  be  done 
accurately  and  properly,  and  the  attorneys  for  the  State,  on  the 
advice  of  the  author,  collected  an  equal  number  of  formidable  ex- 
perts to  watch  their  evidence.  The  court  room  scintillated  with 
formulas,  diagrams,  and  co-efficients  until  the  judge  was  fairly  daz- 
zled with  the  array  of  talent  exhibited. 

The  trial  was  held  in  the  City  of  Joliet,  in  the  Court  House, 
and  lasted  some  six  weeks,  it  taking  the  Sanitary  District  nearly 
all  of  that  time  to  put  on  record  its  evidence  of  fact  and  expert 
opinion.  During  these  six  long  weeks  the  experts  for  the  State 
sat  and  listened  for  points,  and  nightly  wrestled  with  hydraulic 
problems.  Early  morning  consultations  with  the  attorneys  devel- 
oped the  method  and  line  of  cross-examinations.  During  the 
progress  of  the  case  it  was  clearly  brought  out  by  the  cross-exam- 
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ination  of  the  opposing  witnesses  that  there  were  other  methods  of 
controlling  the  flood  flow  aside  from  the  costly  construction  which 
they  assumed  would  be  necessary  above  Dam  No.  i»  and  which 
would  enable  the  State  to  leave  the  heighth  of  Dam  No.  i  at  the 
same  level  as  it  had  existed  for  the  past  fifty  years  and  to  use  the 
power  occasioned  thereby. 

The  alternative  method  of  flood  control  consisted  in  the  sug- 
gestion embodied  in  the  report  quoted,  that  a  large  amount  of 
flood  water  could  be  passed  through  the  head  gates  of  the  power 
plant  into  the  tail  race,  and  thence  out  into  the  channel  below. 
This  would  allow  floods  to  be  controlled  without  raising  the  level 
above  the  ordinary  limit  in  the  basin  above  the  dam.  It  was  sug- 
gested and  admitted  during  cross-examination  that  these  gates 
could  be  made  automatic,  so  that  when  the  floods  in  the  upper 
basin  rose  above  a  certain  height  they  would  be  thrown  into  opera- 
tion to  relieve  the  upper  basin  of  its  accumulated  flood  water  and 
pass  it  out  through  the  tail  race. 

Upon  the  conclusion  of  this  testimony  on  the  part  of  the  San- 
itary District's  experts  the  State  rested  its  case  without  producing 
any  witnesses,  and  sent  its  experts  home  without  having  testified, 
and  the  decision  rendered  in  the  case  justified  their  action,  for  the 
court  held  with  the  State  Commissioners  on  nearly  every  point, 
refusing  to  recognize  the  right  of  the  Sanitary  District  to  lower  the 
crest  of  the  dam,  which  had  been  in  existence  at  a  fixed  height  for 
nearly  fifty  years. 

Upon  the  conclusion  of  the  case  and  the  rendering  of  this  de- 
cision, it  fell  to  the  lot  of  the  author's  firm  to  readjust  the  plans  in 
accordance  with  the  Court  order.  A  tail  race  was  designed  75  feet 
in  width  over  1,000  feet  long,  and  from  15  to  35  feet  in  depth.  It 
was  blasted  out  of  the  solid  rock.  Its  entrance  way  into  the  river 
below  the  dam  was  effected,  not  by  removing  one  of  the  bridge 
piers  as  was  at  first  suggested,  but  by  swinging  the  east  end  of  the 
dam  north  until  the  width  of  90  feet  was  obtained. 

The  original  dam  being  out  of  repair,  it  was  cut  away  and  an 
entirely  new  dam  of  Portland  cement  concrete  was  constructed  in 
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its  place  with  a  broad  crest  at  the  top.  A  by-pass  tunnel  was  ex- 
cavated in  the  solid  rock  immediately  above  the  dam,  which  is 
able  to  pass  about  30,000  cubic  feet  of  water  per  minute  from  the 
tail  race  of  certain  wheels  in  the  Power  Company's  plant  across 
the  river,  to  feed  the  Chanahon  level  of  the  canal.  This  arrange- 
ment became  necessary  on  account  of  the  sligfhtly  higher  elevation 
of  the  Chanahon  level  over  that  which  would  be  produced  natur- 
ally in  the  new  tail  race.  A  new  lock  was  constructed  of  Portland 
cement  concrete  at  the  west  end  of  the  dam;  and  the  whole  power 
at  this  spot  was  developed,  so  far  as  machinery,  turbines,  and 
headgates  were  concerned,  by  the  Economy  Light  &  Power  Co. 
which  had  a  lease  upon  the  power  at  the  time  the  litigation  origi- 
nated, having  still  about  seventeen  years  to  run. 

Among  other  results  of  this  interesting  litigation  is  the  fact 
that  much  light  has  since  been  thrown  upon  the  flow  of  large  vol- 
umes of  water  over  different  kinds  of  crests,  more  especially  by  the 
experimental  hydraulic  work  done  at  the  laboratory  of  the  Uni- 
versity of  the  State  of  New  York  at  Ithaca.  The  author  does  not 
know  whether  this  hydraulic  work  has  been  entirely  the  result  of 
this  litigation,  but  it  is  certain  that  much  interesting  and  valuable 
work  has  been  done  along  this  line,  and  important  conclusions 
published  which  were  originated  by  several  of  the  experts  em- 
ployed by  the  Sanitary  District  of  Chicago  at  that  time. 

Aside  from  a  visit  to  this  interesting  power  development  which 
the  author  hopes  will  be  taken  by  the  Society,  the  members  will 
be  further  interested  to  see  at  this  point  one  of  the  most  important 
and  largest  installations  of  electrical  development  by  water  power 
which  has  been  made  in  this  part  of  the  country.  This  was  done 
by  the  Economy  Light  &  Power  Co.  under  the  direction  of  their 
engineer,  Mr.  Thomas  T.  Johnston. 
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REPORT  OF  THE  COMMITTEE  ON  PAVING  BRICK 

TESTS  AND  SPECIFICATIONS. 


At  the  meeting  of  this  Society  in  Bloomington  a  year  ago  a 
standard  method  of  conducting  the  rattler  test  for  paving  brick  as 
recommended  by  this  committee  was  adopted  by  the  Society  and 
recommended  for  use.  This  method  is  substantially  the  same  as 
the  modified  standard  adopted  by  the  National  Brick  Manufact- 
urers' Association  in  February,  1900.  During  the  past  summer  a 
committee  of  that  Association  investigated  and  reaffirmed  this 
standard  method,  and  a  committee  of  the  American  Society  of 
Municipal  Improvements  recommended  this  form  of  rattler  test. 
The  latter  society  voted  to  recommend  the  acceptance  of  this  form 
as  a  standard  for  the  rattler  test.  A  summary  of  the  work  con- 
nected with  these  actions  may  be  of  interest. 

It  will  be  remembered  that  in  February,  1900,  when  the  Na- 
tional Brick  Manufacturers'  Association  adopted  the  new  standard 
(using  cast  iron  shot)  they  asked  their  Committee  on  Technical 
Investigation  to  investigate  some  modified  form  of  rattler  which 
would  use  the  principle  of  clamping  the  bricks  in  place  in  the  ma- 
chine. The  Jones  rattler,  which  clamped  the  bricks  in  pockets, 
had  proved  to  be  unsatisfactory.  With  a  view  of  seeing  what 
could  be  done  along  this  line,  the  chairman,  aided  by  Mr.  C.  V. 
Seastone,  now  of  Purdue  University,  designed  a  rattler  in  which 
the  bricks  were  clamped  around  the  circumference  of  the  cylinder^ 
and  themselves  formed  the  cylindrical  surface  on  which  the  blows 
of  the  abrasive  material  fell.  The  University  of  Illinois  built  such 
a  machine,  but  before  it  could  be  tested  a  fire  burned  the  Labora- 
tory of  Applied  Mechanics  and  not  only  injured  the  machine,  but 
destroyed  all  facilities  for  making  brick  tests.  The  machine  was 
rebuilt   and  in  the  interim  when   the  University  of  Illinois  was 
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without  a  testing  laboratory,  it  was  sent  to  Prof.  Edward  Orton, 
Jr.,  the  investigator  in  charge  of  the  work  of  the  National  Brick 
Manufacturers'  tests.  Prof.  Orton  made  a  comprehensive  test  of 
the  machine,  calibrating  it  and  testing  five  makes  of  bricks  both 
by  the  standard  method  and  by  the  new  machine — an  elaborate  set 
of  tests.  The  results  of  his  investigations  were  presented  to  a 
conference  committee  composed  of  the  committee  of  the  Associa- 
tion and  several  men  interested  in  the  testing  of  paving  brick. 
The  advisory  committee  consisted  of  Dean  J.  B.  Johnson  of  Wis- 
consin State  University,  Prof.  A.  Marston  of  Iowa  State  College, 
Prof.  W.  K.  Hatt  of  Purdue  University,  and  Prof.  A.  N.  Talbot 
of  University  of  Illinois.  • 

This  advisory  committee  in  their  report  stated  that  they  found 
that  the  Talbot-Jones  rattler  (so-called  by  Prof.  Orton)  overcame 
the  mechanical  defects  of  the  Jones  machine;  that  it  is  an  efficient 
tool  for  testing  paving  brick;  and  that  it  discriminates  more  sharply 
between  hard  and  soft  brick  than  does  the  ordinary  rattler,  though 
the  same  general  conclusions  were  reached.  They  considered  that 
the  Talbot-Jones  is  more  complicated  and  more  diflficult  to  operate 
and  is  more  expensive;  and  that  the  advantages  of  the  process  are 
not  sufficient  to  warrant  a  change  from  the  simple  metjiod  already 
in  use.  They  concluded  that  the  1900  National  Brick  Manufact- 
urers' Association  standard  method  of  the  rattler  test  is  reason- 
ably adequate  and  satisfactory  as  a  rattler  test  and  recommended 
a  continuance  of  this  standard. 

The  Committee  on  Technical  Investigation,  composed  of  W. 
D.  Richardson,  D.  V.  Purrington,  Anthony  Ittner,  Charles  A. 
Bloomfield,  and  Edward  Orton,  Jr.,  has  since  reaffirmed  the  stand- 
ard of  that  Association.  They  declared  their  belief  that  none  of 
the  various  tests  heretofore  proposed  for'determining  the  strength, 
hardness,  or  toughness  of  burned  clay  wares  compares  in  efficiency 
with  some  form  of  rattler  test;  that  neither  the  cross-breaking  test, 
nor  the  crushing  test,  nor  the  specific  gravity  test  represent  the 
conditions  of  wear  in  a  street  with  sufficient  closeness  to  make  the 
results  convertible  into  terms  of  strict  weat;  and  that  the  standard 
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rattler  test  has  won  its  right  to  the  public  confidence  and  to  gen- 
eral adoption. 

The  Committee  on  Brick  Paving  Specifications  of  the  Ameri- 
can  Society  of  Municipal  Improvements  recommended  a  method 
for  the  standard  rattler  test  practically  the  same  as  adopted  by 
this  Society,  except  that  duplicate  tests  were  specified.  It  was  ex- 
plicitly stated  that  the  recommendations  for  a  standard  method 
was  .not  to  be  held  as  advocating  the  exclusion  of  other  tests,  or  as 
claiming  the  adequacy  of  the  rattler  test  as  a  criterion  of  the  qual- 
ity of  paving  brick.  Properly  conducted,  this  test  gives  evidence 
concerning  the  wearing  properties  of  the  brick  and  as  such  it  is 
entitled  to  weigjit  in  forming  a  judgment  on  the  brick. 

The  greatest  obstacle  in  the  way  of  testing  paving  brick  is  the 
lack  of  uniformity  in  the  brick.  That  the  great  diversity  in  results 
of  tests  it  due  almost  exclusively  to  variations  in  the  brick  them* 
selves  is  shown  by  the  results  of  the  tests  with  the  Talbot-Jones 
machine.  The  tests  of  brick  furnished  for  pavement  is  further 
complicated  by  the  variations  found  in  the  methods  of  selecting 
sample  bricks.  As  brick  are  now  furbished  for  streets,  great  di- 
versity of  results  of  tests  must  be  expected,  and  likewise  great  di- 
versity in  the  wear  of  the  pavements.  Great  care  must  be  exer- 
cised in  the  selection  of  samples,  and  some  fair  method  devised 
which  will  show  the  manufacturer  the  desirability  of  furnishing  a 
product  much  nearer  uniform  than  is  common  at  the  present  time. 

The  investigation  with  the  Talbot-Jones  machine,  in  which  the 
wear  is  somewhat  similar  to  that  in  the  street,  is  of  service  in  show- 
ing tliat  the  results  of  the  ordinary  rattler  are  likewise  indicative  of 
the  wear  in  the  street  and  hence  tend  to  give  more  confidence  in 
its  results.  The  new  machine  promises  to  be  of  service  in  general 
investigation,  as,  for  instance,  in  tests  which  may  be  made  upon 
brick  which  has  seen  service  in  the  street.  It  is  possible  that  with 
modifications  of  speed  and  kind  of  wear,  this  machine  may  yet  be 
made  the  most  acceptable  method  of  testing. 

Your  committee  sees  no  reason  to  change  the  recommendation 
made  last  year  concerning  the  rattler  test.     While  not  by   any 
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means  ideal,  and  while  not  always  closely  discriminating,  the 
standard  adopted  when  carefuly  followed  gives  valuable  evidence 
on  the  wearing  qualities  of  brick.  The  use  of  the  rattler  test  is 
not  to  be  held  as  the  only  test  desirable,  and  it  is  believed  that 
further  investigations  of  the  absorption  and  cross-breaking  tests 
will  make  it  feasible  to  use  these  methods  much  more  satisfactorily 
than  our  present  knowledge  allows. 

The  chairman  of  the  committee  feels  that  little  additional  data 
on  the  advisability  of  the  use  of  the  absorption  test  and  the  cross- 
breaking  test  is  likely  to  be  available  soon  and  that  little  of  value 
can  be  given  beyond  what  has  been  given  in  previous  reports. 
With  the  adoption  of  a  standard  method  of  conducting  the  rattler 
test,  using  a  standard  amount  of  a  standard  form  of  cast  iron  shot, 
the  committee  feels  that  the  Society  has  achieved  a  result  which 
will  prove  to  be  advantageous  to  brick  pavements.  When  further 
developments  make  it  seem  feasible  to  change  the  standard  metohd 
or  to  settle  other  matters,  it  will  be  well  to  give  work  to  a  similar 
committee.  For  the  present,  however,  it  does  not  seem  wise  to 
continue  the  committee  and  it   is   accordingly   recommended   that 

the  committee  be  discharged. 

A.   N.   Talbot, 

Chairman. 

DISCUSSION. 

Prof.  A.  N.  Talbot:  The  new  testing  machine  described  in 
the  report  has  a  diameter  the  same  as  that  of  the  standard  machine 
of  the  National  Brick  Manufacturers'  Association,  28  inches.  It 
was  intended  originally  to  have  a  wooden  center  upon  which  the 
brick  might  be  placed  so  that  the  inside  diameter  would  always  be 
the  same  regardless  of  the  depth  of  the  brick,  but  as  there  is  so 
little  variation  in  the  thickness  of  the  brick  this  was  thought  un- 
necessary. 

The  Advisory  Committee  of  the  National  Brick  Manufacturers' 
Association  made  more  pf  the  matter  of  cost  of  this  machine  than 
was  warranted.     The  difference  in  the  cost  of  this  machine  and 
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that  of  the  ordinary  rattler  is  not  more  than  five  or  ten  dollars. 
Of  course  there  is  an  additional  cost  of  keeping  the  machine  in  re- 
pair, because  there  is  a  great  strain  on  the  bolts.  These  bolts 
must  be  screwed  up  very  tight  as  there  is  a  great  deal  of  pounding 
and  wear  on  them.  The  speaker  believes  that  the  whole  machine 
can  be  built  for  $75.00. 

The  question  of  the  limit  of  absorption  to  be  placed  on  the 
brick  was  not  considered  by  this  committee  which  met  at  Colum- 
bus. It  was  called  to  consider  the  rattler  test  only.  The  whole 
attitude  of  the  National  Brick  Manufacturers'  Association  has  been 
against  the  absorption  test.  However,  some  of  the  members  of 
the  committee  no\^  admit  that  it  may  be  possible  to  use  the  ab- 
sorption test  if  specific  requirements  are  made  for  each  make  of 
brick  or  brick  made  in  a  particular  territory.  This  is  along  the 
line  suggested  to  the  Society  a  year  ago.  In  some  brick  the  limit 
of  absorption  may  be  as  low  as  two  percent,  while  in  others  it  may 
be  as  much  as  four  or  even  six  or  seven  per  cent.  No  general 
statement  can  be  made  in  regard  to  this.  Some  brick  made  in 
Ohio  and  the  shale  brick  of  Indiana  ^ive  very  good  wearing  quali- 
ties when  the  limit  of  absorption  is  higher  than  four  per  cent. 

Mr.  H.  E.  Beasley:  In  Peoria  the  limit  of  absorption  is 
placed  at  two  per  cent,  but  the  speaker  has  allowed  some  latitude 
during  the  last  year  so  that  it  will  average  nearly  three  per  cent, 
or  possibly  more.  However,  he  has  found  that  the  brick  with  the 
higher  limit  of  absorption  grind  off  more  and  they  would  show  up 
as  softer  brick  in  a  rattler  test. 

There  is  one  street  in  the  city  which  will  be  very  interesting 
to  watch.  One  half  of  the  street  is  laid  with  brick  in  which  the 
absorption  is  one  per  cent  or  under,  and  the  other  with  brick  hav- 
ing an  absorption  of  three  or  four  per  cent.  This  street  was  paved 
three  or  four  years  ago,  but  the  speaker  has  not  yet  been  able  to 
obtain  any  information  in  regard  to  the  results. 

The  speaker  understands  that  the  City  of  St.  Louis  has 
adopted  a  limit  of  absorption  of  two  per  cent.     This  does  not  seem 
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correct,  because  it  is  not  possible  to  state  one  limit  of  absorption 
for  all  classes  of  material.  Four  per  cent  seems  too  high  a  limit 
to  the  speaker;  it  surely  should  never  be  allowed  for  such  brick  as 
have  been  tested  in  Peoria. 

Brick  made  in  the  last  few  years  do  not  seem  to  be  as  good  as 
those  made  six  or  eight  years  ago.  Pavements  laid  in  1894  show 
no  more  wear  than  those  laid  two  years  ago.  Repressing  also  does 
not  improve  the  brick. 

Mr.  J,  C.  Quade:  The  speaker  agrees  with  Mr.  Beasley  that 
four  per  cent  is  too  high  a  limit  for  absorption.  There  is  cer- 
tainly in  general  a  relation  between  the  absorption  and  the  abra- 
sion. Furthermore  if  there  should  happen  to  be  no  tests  on  a 
certain  kind  of  brick  it  would  be  impossible  to  specify  what 
limit  of  absorption  should  be  specified  for  them.  So  that  in  gen- 
eral it  seems  that  it  is  not  well  to  adopt  too  high  a  general  limit 
for  absorption. 


12 
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PRACTICAL  MUNICIPAL  RESURVEYS. 


BY   W.    M.    HAY. 


One  of  the  most  important  questions  coufronting  the  practic- 
ing surveyor  and  city  engineer  is  the  proper  location  of  street  and 
property  lines  in  our  cities  and  villages.  The  question  is  very  fre- 
quently not  an  easy  one,  and  will  require  more  careful  attention  as 
years  go  by.  Land  marks  and  stones  which  at  one  time  were  true 
evidences  of  old  original  surveys  are  lost,  displaced,  or  removed. 
In  the  public  highways  the  heavy  road  graders  and  other  highway 
implements  handled  by  persons  ignorant  of  these  old  land  marks 
do  much  to  destroy  their  location.  Along  street  and  lot  lines  the 
construction  of  buildings,  sidewalks,  and  fences  with  the  necessary 
grading  and  post  hole  excavations  have  many  times  caused  the  re- 
jnoval  of  the  old  stake,  the  stone,  or  other  evidence  of  the  true 
location  of  lot  and  street  lines;  and  now,  in  these  later  days,  when 
division  and  street  line  fences  are  no  longer  regarded  as  necessary 
to  hold  the  great  majority  of  our  law  abiding  citizens  within 
bounds,  even  the  evidence  that  they  heretofore  have  furnished  van- 
ishes with  their  removal. 

With  all  such  causes  operating  to  destroy  the  exact  location 
of  these  old  land  marks  there  arise  effects  which  should  call  for 
earnest  consideration  by  every  community.  It  is  but  natural  that 
property  line  disputes  should  become  more  frequent  between  indi- 
viduals and  between  the  individual  and  the  public  as  the  old  evi- 
dences of  the  true  location  of  such  lines  become  more  uncertain 
and  indistinct.  There  are  always  people  in  every  community  look- 
ing for  trouble.  A  simple  dispute  upon  some  trivial  proposition 
between  neighboring  lot  owners,  or  between  a  lot  owner  and  the 
municipality,   often  leads  to  expensive  litigation  concerning  the 
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exact  location  of  lot  and  street  lines.  In  all  cities  and  villages 
legal  entanglements  over  street  lines  are  likely  at  any  time  to  de- 
velop where  such  lines  are  in  doubt.  The  cause  of  doubt  and  un- 
certainty regarding  street  lines  arises  primarily  from  a  lack  of 
sufficient  permanent  land  marks  to  properly  perpetuate  such  lines. 
If  all  block  corners  were  properly  preserved  by  permanent  monu- 
ments which  the  public  could  see,  no  doubt  or  trouble  would  ever 
arise  over  the  question  of  street  lines,  and  when  the  true  location 
of  street  lines  is  settled,  the  question  regarding  lot  lines  certainly 
is  not  a  very  difficult  matter  to  adjust. 

Municipal  corporations  are  the  only  agencies  to  successfully 
cope  with  the  question  of  proper  relocation  of  street  lines;  and  it 
is  certainly  to  their  interests  to  cause  such  resurveys  to  be  made 
as  will  establish  permanently  and  without  question  all  street  lines 
by  permanent  monuments  at  the  block  corners.  Not  only  is  it  to 
the  peace  and  welfare  of  the  community  to  do  this  work  to  pre- 
vent future  litigation,  but  it  proves  an  ever  present  asset  to  the 
municipality.  The  permanent  block  corners  become  a  guide  from 
which  to  work  in  the  construction  of  permanent  improvements 
upon  the  public  streets.  All  sidewalks,  curbing,  guttering,  park- 
ing, grading,  sewering,  water-piping,  and  paving  can  then  be 
made  in  perfect  harmony  with  the  street  lines  by  simple  measure- 
ments from  luch  block  corners.  It  frequently  happens,  however, 
that  a  neglect  of  such  considerations  often  makes  an  eye-sore  of 
an  otherwise  well  improved  and  beautiful  street.  If  one  takes 
note  of  the  zigzag  and  wandering  sidewalks  sometimes  found  along 
the  street  lines  of  many  of  our  cities  and  villages  this  fact  will  im- 
press itself  forcibly  upon  his  mind.  Yet  these  improvements  when 
of  a  permanent  nature  remain  for  years  to  disfigure  the  appearance 
of  the  street,  unless  the  municipality  takes  upon  itself  the  expen- 
sive task  of  properly  alining  the  improvement.  The  extensive  use 
of  cement  in  sidewalk  construction  of  late  years  has  given  a  great 
impetus  to  permanent  sidewalk  construction  in  the  smaller  cities 
and  villages  of  the  State.  Many  of  them  have  begun  the  work  by 
having  all  street  lines  properly  surveyed  and  permanently  defined 
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so  that  the  sidewalk  improvement  could  be  placed  properly  with 
reference  to  the  street  lines. 

It  devolves  upon  the  surveyor,  when  called  upon  to  make 
municipal  resurveys,  to  execute  them  in  a  careful  and  intelligent 
manner.  His  data  as  taken  from  officially  recorded  plats  is  of 
course  his  main  guide  in  the  investigation  of  the  conditions  on  the 
ground.  Yet  this  data  must  be  investigated  to  ascertain  the  accu- 
racy with  which  the  work  was  done.  The  plats  should  be  carefully 
examined  to  ascertain  if  all  measurements  are  consistent  with  each 
other.'  Each  plat  should  be  considered  by  itself,  for  much  per- 
plexity may  be  caused  by  endeavoring  to  harmonize  the  lines  and 
bearings  in  two  separate  additions  when  the  original  surveys  did  not 
harmonize,  even  though  the  plats  show  them  in  harmony  with  each 
other.  Another  proposition  which  should  be  investigated  at  this 
time  is  the  individual  accuracy  or  •*  factor  of  safety  "  of  the  original 
surveyor.  This  may  have  an  important  bearing  upon  the  field 
work.  We  must,  however,  remember  that  much  of  the  subdivision 
work  of  years  ago  was  done  with  instruments  less  accurate  and 
with  measurinc^  appliances  more  likely  to  be  in  error  than  those  of 
the  present  time.  It  is  also  to  be  borne  in  mind  that  many  "orig- 
inal town  "  plats  of  the  early  days  were  made  when  the  land  was 
cheap  and  that  much  less  effort  and  time  were  expended  for  the 
sake  of  accuracy  than  at  present  when  land  is  much  more  valuable. 
The  surveyor  has  to  contend  therefore  with  the  inaccuracies  of  the 
older  surveys  due  to  such  causes  as  above  mentioned;  yet,  having 
discovered  these  inaccuracies  by  means  of  better  instruments  and 
more  time  to  make  his  work  accurate,  he  is  better  enabled  to  har- 
monize his  work  with  the  original  survey.  The  question,  as  Judge 
Cooley  aptly  presents  it  is,  *'  Not  how  an  entire  y  accurate  survey 
would  locate  such  lines,  but  how  the  original  stakes  located  them.*' 

The  execution  of  the  preliminary  field  work  of  a  resurvey 
should  consist  of  careful  and  accurate  measurements  from  base 
lines  to  all  topographical  data  that  would  tend  to  show  the  loca- 
tion of  boundary  and  divisional  lines  in  the  subdivision.  The 
topography  which   concerns   the   surveyor  consists  chiefly  of  old 
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landmarks,  corner  stones,  iron  pins,  old  line  stakes,  fences,  side- 
walk lines,  and,  where  closely  built  up,  party  wall  or  building  lines. 
A  quadrilateral  or  parallelogram  of  base  lines  should  first  be  laid 
down  upon  the  ground.  Such  base  lines  can  generally  be  laid 
down  in  the  streets  or  alleys  and  should  be  made  as  nearly  parallel 
as  possible  to  existing  street  lines.  Where  they  intersect  the  ap- 
parent street  lines  of  intersecting  streets  temporary  marks  should 
be  made,  generally  a  nail  or  spike  driven  in  the  ground  will  suffice. 
These  base  lines  should  be  measured  very  accurately,  the  degree 
of  accuracy,  however,  depending  upon  the  value  of  improvements 
and  the  compactness  of  the  buildings  upon  the  land.  Duplicate 
measurements  should  check  within  the  limits  of  the  formula: 


E=.oo3  ^66t  1/    Length  in  feet 

where  **E**  is  the  allowable  difference  between  measurements. 
The  constant  .003  feet  may  be  increased  to  .004  or  .005,  or  even 
more,  if  the  conditions  do  not  justify  this  accuracy.  The  angles 
which  the  base  lines  form  with  each  other  should  be  determined 
by  taking  the  average  of  at  least  four  measurements  taken  at 
different  portions  of  the  limb  of  the  transit.  The  angles  should  be 
measured  to  half  minutes  or  less  if  possible.  From  the  temporary 
marks  along  the  base  lines  measurements  can  now  be  made  along 
the  street  lines  to  the  topographical  data  which  has  any  bearing 
upon    the   problem. 

The  measurements  should  be  continuous,  each  denoting  dis- 
tance from  the  base  line.  The  measurement  between  the  sides  of 
the  quadrilateral  of  base  lines  is  finally  determined  along  the  street 
lines  and  if  the  results  check  with  computed  results  within  the 
limits  of  the  above  formula  no  re-measurements  are  necessary. 
Otherwise  the  work  should  be  again  measured  to  bring  the  results 
within  limits. 

The  field  book  record  should  be  kept  clear  and  distinct.  Full 
notes  and  explanations  should  be  made  when  necessary.  Brief 
notes  of  statements  from  old  landowners  should  be  recorded. 
Some  objects  along  the  line  may  appear  to  be  of  unusual  impor- 
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tance,  others  indistinct  and  misleading.  When  the  measurements 
are  completed  and  recorded,  the  surveyor  is  able  to  tabulate  his 
work  for  convenience  of  comparison  of  measurements  on  the 
different  streets.  A  careful  study  of  these  comparative  measure- 
ments will  disclose  to  the  experienced  surveyor  a  true  solution  of 
location  of  street  lines.  Every  effort  should  be  made  to  outline  a 
plan  of  re-survey  which  will  harmonize  most  completely  with  the 
evidence  on  the  ground  as  shown  by  the  tabulated  notes,  yet  due 
consideration  must  be  accorded  to  the  facts  as  represented  by  the 
plat.  The  proposition  of  surplus  or  deficfency  must  be  carefully 
investigated. 

Errors  in  plats,  variations  in  bearings,  and  length  of  chains 
are  fruitful  sources  of  trouble  along  this  line.  If  the  ground  be 
undulating  and  the  original  survey  not  carefully  made,  a  deficiency 
might  have  existed  in  parts  of  the  subdivision;  while  in  other 
parts  more  level  there  may  have  been  even  a  surplus.  The 
general  aim  should  be  to  give  to  each  block  its  recorded  measure- 
ment if  possible  and  to  allow  for  such  surplus  as  may  be  necessary 
to  produce  results  in  harmony  with  the  original  survey.  The 
streets  and  alleys  should  be  made  the  exact  width  on  record  with- 
out surplus.  The  reason  for  this  is  that  improvements  made  on 
public  thoroughfares  are  generally  made  with  reference  to  street 
or  alley  lines  and  if  a  surplus  or  deficiency  of  width  existed 
confusion  might  result.  There  is  also  the  assurance  that  if  the 
municipal  authorities  can  get  what  the  plat  allows  them  for  streets 
and  alleys  they  are  content  to  let  **well  enough"  alone.  The 
general  aim  of  the  surveyor  should  be  to  harmonize  the  street  and 
alley  lines  with  the  original  plat  so  far  as  width  and  alinement  are 
concerned.  He  must  be  ever  mindful  of  the  well  established 
principles  of  law  relating  to  the  rights  of  municipalities  in  the 
possession  oi  the  streets,  and  not  to  confuse  such  principles  with 
others  relating  to  established  rights  as  between  private  owners  of 
real    property. 

After  the  surveyor  has  faithfully  investigated  all  the  data,  cir- 
cumstances, and  conditions;  and  he  has  reached   satisfactory  con- 
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elusions  regarding  the  location  of  the  lines  of  a  ro.survey,  his  next 
duty  is  to  locate  permanently  such  lines  upon  the  ground.  How- 
ever^ there  may  be  circumstances  and  conditions  existing  under 
which  no  satisfactory  conclusions  can  be  reached.  In  such  cases 
competent  legal  advice  should  be  sought  and  also  in  all  cases 
where  lines  are  in  controversy.  The  execution  of  the  work  of  lo- 
cation of  the  lines  of  a  re-survey,  after  having  made  the  accurate 
preliminary  measurements  and  determined  upon  the  precise  loca- 
tion, is  a  matter  which  a  surveyor  can  easily  work  out  in  his  own 
way.  The  center  lines  of  the  streets  can  be  first  measured  out 
from  the  base  lines,  and  when  such  lines  are  all  run  and  properly 
marked  out,  the  block  corners  can  be  easily  located  by  simple 
measurements  from  such  lines.  For  temporary  block  corners  a 
small  stake  with  a  tack  in  it  will  generally  suffice  until  the  perma- 
nent corner  is  located.  It  is  well  to  set  reference  points  at  this 
time  by  marks  on  the  ground  or  sidewalks  at  certain  distances  from 
the  block  corner  to  be  used  when  the  permanent  corners  are 
located. 

For  permanent  marks  natural  stones  of  all  kinds  and  descrip- 
tions have  been  most  commonly  used.  The  appearance  of  such 
monuments  when  left  above  the  ground  surface  is,  however,  some- 
times found  objectionable  and  at  times  an  obstacle  in  the  way  of 
improvements.  When  set  below  the  surface,  the  marks  are  hid- 
den and  much  of  the  force  of  the  use  of  the  monuments  is  lost. 
Concrete  properly  prepared  and  placed  in  a  hole  excavated  at  the 
corner  has  proved  a  good  substitute  for  natural  stone.  Before  the 
concrete  has  set,  however,  a  copper  bolt  or  nail  should  be  inserted 
vertically  in  the  mass  of  concrete  at  the  exact  corner.  In  con- 
structing a  concrete  corner  the  temporary  stake  should  be  first  re- 
moved and  a  hole  about  two  feet  in  depth  dug  with  a  post  hole 
digger.  This  tool  will  make  a  circular  hole  six  inches  in  diameter 
or  larger.  When  excavated  to  the  proper  depth  the  concrete 
should  be  deposited  through  a  large  funnel  into  the  hole  in  order 
to  prevent  dirt  dropping  into  the  concrete  from  the  sides  or  top  of 
the  hole.     When  properly  tamped  and  filled  with  concrete,  the 
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surface  should  be  finished  off  with  neat  cement  mortar  one-half 
inch  thick  and  the  copper  bolt  inserted  as  indicated  above,  using 
the  refereuce  points  to  find  the  exact  location  of  the  corner.  Two 
brass  impressions,  one  bearing  the  word  ''Block*'  and  the  other 
"Corner,"  can  then  be  impressed  into  this  neat  cement  surface; 
the  word  **  Block  "  is  placed  above  the  copper  bolt  and  the  word 
**  Corner  '*  below  it.  At  either  side  of  the  bolt  the  block  number 
can  be  stamped.  Separate  brass  impressions  from  o  to  9  will  be 
necessary  to  make  the  various  combinations  of  figures  for  the  block 
corners.  By  this  means  the  monument  not  only  consists  of  con- 
crete to  perpetuate  the  corner  and  a  copper  bolt  to  designate  the 
exact  corner,  but  it  also  tells  upon  its  face  the  name  of  the  corner 
and  the  number  of  the  block  which  it  bounds.  The  cost  of  an  out- 
fit of  impressions,  such  as  above  described,  is  about  four  dollars. 
The  impressions  must  be  made  specially  for  cement  work.  Printers' 
metal  type  are  very  poor  substitutes. 

Although  it  might  at  first  appear  that  concrete  used  for  per- 
manent corners  in  this  manner  is  better  than  stone  in  all  cases, 
there  are  some  communities  in  which  this  plan  cannot  be  profit- 
ably used  unless  a  policeman  stands  guard  at  every  corner  to  keep 
the  mischievous  small  boy  from  mutilating  the  surface  before  the 
concrete  has  properly  set.  In  such  cases  and  where  the  corners 
are  to  be  set  at.  some  established  grade  it  is  better  to  make  the 
corners  in  a  sewer  pipe  and  allow  them  to  set  before  placing  them 
in  the  ground.  The  making  of  a  corner  in  a  sewer  pipe  permits  of 
a  much  neater  and  more  symmetrical  job.  The  exact  corner  can 
be  made  coincident  with  the  axis  of  the  pipe,  but  it  is  difficult  to 
dig  the  hole  exactly  centering  on  the  corner  so  that  the  copper  bolt 
will  be  in  the  center  of  the  concrete  surface.  To  construct  a 
**  block  corner  "  by  use  of  sewer  pipe  and  concrete,  the  pipe  is  set 
on  end  bell  up  and  filled  with  concrete.  Usually  four-inch  sewer 
pipe  will  suffice.  After  the  neat  surface  coating  has  been  applied 
and  a  convex  surface  given  to  the  top  with  the  center  about  one- 
eighth  inch  higher  than  the  edge  of  the  finished  surface,  a  survey* 
or's  tally  pin  is  drawn  horizontally  across  the  cement  mortar  sur- 
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face  in  two  directions  at  right  angles  to  each  other  forming  a  cross 
with  the  point  of  intersection  in  the  center  of  this  circular  surface. 
The  mortar  surface  may  need  some  slight  trowelling  a  second  time 
to  smooth  down  any  loose  particles  of  mortar,  and  possibly  the  pin 
must  be  drawn  across  the  surface  again  to  secure  the  proper  neat 
appearance  of  the  finished  surface.  The  <' block  corner  *'  and 
block  number  impressions  can  then  be  brought  into  use  and  the 
impressions  made  in  the  manner  indicated  by  the  cut  below: 


Street  I j  Line 


The  cut  shows  the  proper  arrangement  of  the  surface  with 
reference  to  the  block  corner  when  the  monument  is  set  in  the 
ground.  In  setting  the  monument  enough  space  should  be  exca- 
vated to  allow  for  proper  tamping  and  wetting  of  the  filling  to  se- 
cure solidity  of  the  soil  around  the  pipe.  If  the  monument  is  in  a 
position  where  it  may  be  subject  to  subsequent  disturbance,  the 
entire  hole  excavated  should  be  filled  with  concrete.  If  traffic  is 
likely  to  do  harm  the  monument  should  be  made  in  the  bell  end  of 
a  four-inch  cast  iron  water  pipe  and  set  in  a  solid  bed  of  concrete. 
A  copper  bolt  should  be  inserted  into  the  concrete  in  the  water 
pipe  at  the  exact  intersection  of  the  cross  so  that  in  the  event  of 
the  concrete  surface  wearing  away  the  copper  bolt  would  still  give 
the  location  of  the  corner. 

The  cost  of  the  making  and  setting  of  these  permanent  monu- 
ments above  the  cost  of  the  ordinary  stakes  is,  for  ordinary  work, 
about  seventy-five  cents  per  cojrner. 

Monuments,  such  as  above  described,  should  be  set  at  every 
block  corner  where  it  is  possible  to  set  them.  A  combination  of 
the  two  methods  will  be  necessary  in  extensive  work  as  there  will 
be  found  locations  at  which  the  monument  must  be  built  on    the 
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ground.  To  make  the  work  complete  the  monuments  should  be 
set  at  the  sidewalk  grade.  Where  permanent  walks  are  laid,  the 
surface  of  the  walk  and  monument  will  be  at  the  same  elevation. 
Where  no  walks  exist,  or  where  they  are  of  a  temporary  character, 
the  monuments  should  be  set  at  the  established  grade  for  perma- 
nent sidewalk  construction.  By  this  means  the  municipality  not 
only  secures  the  permanent  location  of  the  block  corners,  but  also 
the  permanent  grade  marks  from  which  to  proceed  in  the 
construction  of  permanent  sidewalks  or  other  street  improvements. 
For  the  smaller  cities  and  villages,  where  the  services  of  an 
engineer  are  not  always  at  command,  this  plan  is  well  adapted; 
and  it  will  be  found  in  after  years  to  have  been  a  wise  consider- 
ation, as  it  settles  the  troublesome  grade  question  which  so  often 
confuses  the  average  citizen.  It  also  makes  plain  to  every  one  the 
exact  grades  at  all  street  intersections.  This  feature  alone  should 
commend  itself  very  forcibly  to  the  lot  owner,  as  it  becomes  a 
guide  to  him  in  the  grading  of  his  premises  and  improvement  of 
his   property. 

When  all  block  corners  and  other  necessary  points  have  been 
perpetuated  by  permanent  marks,  the  next  and  final  work,  where 
there  are  variations  from  the  original  plat,  is  to  make  a  plat  of  the 
re-survey.  This  plat  should  show  the  street  and  alley  lines  with 
the  exact  distances  between  the  permanent  monuments  on  these 
lines  at  street  or  alley  intersections.  The  angles  which  inter- 
secting streets  form  should  be  designated  and  all  data  given  which 
will  be  a  guide  to  surveys  in  the  future.  Lot  lines  should  be 
omitted,  except  in  rare  instances,  as  the  object  of  the  re-survey  is 
to  locate  the  old  original  street  and  alley  lines.  The  surveyor's 
certificate  and  the  municipality's  authorization  and  acceptance  of 
the  work  and  plat  should  appear  upon  the  plat  before  it  is  ofRcially 
recorded. 

With  the  final  act  of  recording  the  plat  the  work  of  thd 
re-survey  is  completed,  yet  at  this  moment  an  opportunity  offers 
itself  to  the  municipality  which,  if  properly  executed,  will  prove  of 
much    importance.     Nearly  every  municipality  is    in   need  of  an 
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accurate  plat  of  its  streets  on  an  enlarged  scale  to  properly  plat 
and  designate  the  public  improvements  under  the  surface  of  the 
streets,  and  to  show  their  location  with  reference  to  the  street 
lines.  A  municipal  plat  book  could  be  easily  inaugurated  at  this 
time  and  contain  the  data  of  the  re-survey  together  with  all  other 
data  regarding  sub-surface  improvements  which  can  be  gathered 
and  platted.  This  plat  book  can  be  made  to  any  practical  scale, 
the  pages  being  more  or  less  numerous  according  to  the  scale. 
Such  a  book  would  be  extremely  valuable  in  'a  few  years  if  all 
improvements  were  recorded  on  it  as  made,  as  it  would  show  to 
future  municipal  officials  where  past  improvements  were  made  and 
guide  them  in  the  location  of  new  improvements. 

In  conclusion,  it  may  be  said  that  practical  municipal 
re-surveys  can  only  be  made  true  to  name  by  practical  methods 
which  will  stand  the  tests  of  law  and  time.  The  surveyor  must 
thoroughly  know  his  business  and  the  law  as  it  appertains  to  his 
work.  Decisions  of  the  courts  must  be  studied  and  their  direc- 
tions applied.  Abstract  theoretical  notions  as  to  what  the  original 
surveyor  should  have  done  are  not  to  be  considered.  What  he 
did  actually  do  must  be  ascertained  by  earnest  and  diligent  effort 
guided  by  the  use  of  accurate  methods  and  instruments.  What 
the  present  and  future  generations  desire  to  know  are  the  facts 
which  were  of  common  knowlecge  to  the  original  owners  of  their 
property,  but  which  have  become  obscured  by  the  decay  or 
removal  of  the  original  land  marks.  No  municipal  re-survey  can 
be  considered  complete  which  does  not  define  and  perpetuate  the 
original  street  or  block  corners  by  permanent  land  marks. 

DISCUSSION. 

Mr.  H.  G.  Paddock:  The  speaker  notes  that  the  monuments 
described  by  Mr.  Hay  are  only  two  feet  deep.  It  occurs  to  him 
that  these  might  heave  from  frost,  and  that  it  would  not  be  advis- 
able to  use  them  to  give  elevations.  In  four  or  five  years  they 
might  work  up  out  of  the  ground  so  much  that  any  sidewalk  or 
other  grade  set  from  them  would  be  too  much  in  error. 
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It  is  well  to  bear  in  mind  that  each  locality  has  its  peculiari- 
ties and  methods  and  devices  must  be  modified.  In  Moline  the 
speaker  has  used  seven-eights  inch  iron  rods  three  feet  long  set  at 
each  block  corner.  These  serve  very  well.  They  are  substantial, 
for  it  will  take  considerable  force  to  pull  a  rod  out  after  it  has  been 
in  the  ground  six  months.  They  are  also  cheap,  costing  about 
twenty-two  cents  at  the  present  prices  of  iron,  which  is  very  high. 
The  rod  is  also  much  smaller  than  the  concrete  monument  and  it  is 
possible  for  a  property  owner  to  set  a  fence  or  wall  to  take  in  all 
his  ground  without  interfering  with  the  monument. 

If  only  one  monument  is  set  at  street  intersections  it  is  very 
liable  to  be  disturbed  by  excavations  or  street  improvements.  If 
four  monuments  are  used  they  are  not  so  likely  to  be  tampered 
with,  and  if  one  is  disturbed  it  can  easily  be  discovered  by  check- 
ing on  the  others. 

There  are  some  intricate  questions  in  connection  with  the 
•'factor  of  safety  of  the  original  surveyor.'*  The  speaker  remem- 
bers a  subdivision  about  two  blocks  long  which  had  a  street 
running  through  the  middle.  This  street  was  in  a  ravine  about 
thirty  or  forty  feet  below  the  general  level.  There  was  a 
deficiency  of  six  feet  in  the  two  blocks.  Now  one  is  morally 
certain  that  this  error  was  made  in  crossing  the  ravine.  According 
to  theory  it  should  be  pro-rated,  but  it  is  certain  that  this  will  not 
reproduce  the  original  conditions. 

Mr.  W.  M.  Hay:  The  effect  of  heaving  from  frost  would 
not  be  enough  to  make  any  material  difference;  a  little  variation 
will  be  of  no  moment  as  far  as  sidewalk  grades  are  concerned. 
The  speaker  has  not  made  any  observations  in  this  direction  but 
intends  to  do  so. 

If  four  monuments  are  used  at  street  intersections  the  street 
lines  are  very  definitely  defined.  Sidewalks  may  be  located  from 
them  so  that  they  are  perfectly  straight  from  one  end  of  the  street 
to  the  other  if  the  street  is  straight. 

There  is  always  liable  to  be  some  question  as  to  the  exact 
point  if  stakes  or  iron  pins  are  used.      This  can  not  occur  with  the 
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monuments  used  by  the  speaker.  In  one  case  in  the  speaker's 
practice  he  found  iron  pins  driven  alongside  the  original  stakes, 
which  surely  will  lead  to  confusion. 

In  general  the  street  lines  are  to  be  made  straight  from  one 
end  of  a  subdivision  to  the  other;  but  the  surveyor  must  be  guided 
by  the  old  land  marks.  If  it  is  found  that  some  of  the  monuments 
.are  out  of  line  and  the  street  and  property  lines  correspond  with 
them  they  should  be  made  to  govern  if  possible.  The  surveyor 
can  not  disturb  all  the  street  lines;  he  must  find  out  which  of  the 
monuments  are  correct,  and  then  use  his  judgment  in  making  the 
street  lines  conform  as  nearly  as  possible  to  the  lines  determined 
by  them. 

The  right  of  possession  by  occupancy  enters  into  this  matter 
only  in  exceptional  cases.  The  Statute  of  Limitations  does  not 
hold  against  a  municipality  in  the  matter  of  street  lines,  except 
when  a  person  has  erected  a  building  of  such  a  permanent  char- 
acter that  it  would  involve  him  in  a  great  pecuniary  loss  to  remove 
it.  An  ordinary  fence  will  never  give  a  property  owner  title  to 
land  in  a  street. 

In  a  re-survey  all  lines  are  placed  where  they  were  originally 
except  where  a  person  has  infringed  upon  his  neighbor  for  a  long 
enough  time  to  obtain  title  by  adverse  possession. 

Mr.  J.  L.  Clark:  It  is  not  always  possible  to  set  monuments 
at  grade.  In  Los  Angeles  and  Kansas  City,  for  example,  the 
grade  is  twenty  feet  above  the  natural  surface  in  some  places. 

The  speaker  has  used  monuments  made  of  three-inch  gas 
pipe  four  feet  long,  filled  with  concrete.  The  pipe  rusts  out  in  a 
short  time  but  the  concrete  remains  firm. 

Monuments  on  a  street  do  not  often  line  up  and  it  is  usually  a 
difficult  matter  to  get  a  street  line.  It  is  the  speaker's  practice 
in  giving  sidewalk  lines  to  construct  a  line  from  one  end  of  the 
street  to  the  other.     This  makes  the  sidewalks  straight. 

The  speaker  once  had  a  case  which  brought  out  question 
in  the  matter  of  pro-rating  errors.  A  street  was  put  on  the  plat 
of  a  subdivision  and  by  an  oversight   the  width  of  the   lot  from 
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which  the  street  was  taken  was  not  changed.  The  street  was  66 
feet  wide,  making  the  length  of  the  subdivision  66  feet  in  error. 
The  question  now  arises  as  to  how  this  deficiency  is  to  be  divided; 
according  to  theory  it  must  be  pro-rated,  yet  this  is  grossly  in 
error.  There  is  nothing  to  actually  prove  that  this  error  was 
made,  but  it  is  quite  evident  that  it  was.  No  question  was  raised 
about  this  until  it  was  desired  to  put  in  improvements.  Property' 
owners  had  been  pretty  well  agreed  on  their  lines.  The  speaker 
spent  several  days  in  looking  the  matter  up,  but  found  nothing 
that  would  agree  with  the  plat.  There  seemed  nothing  else  to  do 
but  to  take  the  lines  as  they  were  on  the  ground. 

Mr.  B.  J.  Ashley:  In  recent  years  the  speaker  has  set  one 
monument  in  fhe  street  intersections  instead  of  four.  These 
monuments  are  seven-eights  inch  rods  driven  so  that  they  stand 
about  six  inches  above  the  ground  in  order  that  they  may  be  found 
easily.  Just  what  will  be  done  when  the  streets  are  improved  the 
speaker  has  not  decided,  but  the  top  will  probably  be  protected 
by   concrete.  * 

If  monuments  are  set  at  the  block  corners  they  are  also  quite 
likely  to  be  disturbed.  About  the  first  thing  that  a  property 
owner  will  do  when  he  sets  his  fence  is  to  disturb  the  monument. 
With  the  present  practice  of  the  speaker  there  is  not  much  danger 
of  disturbance  of  the  monuments  in  the  street  intersections,  for  he 
is  making  a  practice  of  placing  underground  conduits  in  the 
alleys. 

Mr.  J.  W.  Alvord:  Some  years  ago  the  speaker  undertook 
a  job  of  surveying  in  a  small  city  in  Illinois.  He  had  considerable 
trouble  in  distributing  this  ''factor  of  safety,"  as  Mr.  Hay  terms 
it.  One  subdivision  seemed  to  have  a  ''factor  of  safety"  of  about 
half  a  chain,  and  when  it  was  platted  it  looked  considerably 
squashed.  A  number  of  very  interesting  examples  of  this  occurred 
throughout  the  piece  of  work  and  caused  the  speaker  many  sleep- 
less  nights. 
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The  important  question  in  this  matter  is  that  of  providing  for 
this  "factor  of  safety '*  of  the  original  surveyor,  especially  where 
the  property  owners  have  obtained  title  by  adverse  possession  and 
cannot  be  disposessed  by  any  legal  means  and  will  not  be 
disposessed  by  any  other  means. 

Mr.  Emil  Rudolph:  In  regard  to  the  action  of  frost  on 
monuments  it  might  be  said  that  it  has  been  the  speaker's 
experience  that  stakes  sixteen  or  eighteen  inches  long  will  not  be 
affected  by  the  frost  if  driven  flush  with  the  ground;  but  if  they 
are  left  an  inch  or  two  above  the  surface  they  will  work  out  in 
three  or  four  years.  In  view  of  this  experience  the  speaker  thinks 
that  it  would  be  best  to  make  concrete  monuments  four  feet  long 
instead  of  two. 
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ONE    OF   THE    OBJECTIONS   THAT   HELPED   DEFEAT 

THE  SURVEYOR  LICENSE  BILL. 


BY    W.     P.    FEENEY. 


The  author  being  interested  with  other  surveyors  to  know  the 
reason  why  the  bill  for  the  licensing  of  surveyors  of  this  State 
which  was  presented  to  the  State  Legislature  at  its  last  session  was 
defeated,  called  upon  several  of  the  Chicago  members  of  the  Leg- 
islature. These  gentlemen  had  previously  been  asked  to  support 
the  bill  and  they  had  taken  an  active  part  in  discussing  the  bill 
with  members  of  the  Legislature  who  were  opposed  to  it.  The 
members  stated  that  there  were  a  number  of  objections  and  that 
only  one  appeared  to  have  any  foundation.  This  objection  was 
that  the  bill  as  presented  would  not  benefit  anyone.  It  afforded 
no  protection  to  the  property  owner  from  the  fact  that  it  would 
have  allowed  any  surveyor  who  had  passed  the  required  examina- 
tion to  send  out  in  the  field  to  make  surveys  his  rodman,  chain- 
man,  officeman,  or  typewriter;  in  fact,  anybody  he  chose  to  send. 
He  could  then  sign  the  plat  of  the  survey  representing  to  the  owner 
that  the  survey  was  made  by  an  Illinois  licensed  surveyor. 

This  objection  is  worthy  of  consideration  by  this  Society,  for 
there  is  no  doubt  but  what  this  condition  of  affairs  exists.  The 
writer  personally  knows  of  several  cases  of  this  kind.  One  instance 
where  one  of  the  leading  surveyors  of  Chicago  employed  an  instru- 
mentman  who  was  out  of  work  and  called  into  the  surveyor's  office 
looking  for  something  to  do.  He  was  known  to  the  surveyor  as 
being  a  good  instrumentman  and  was  in  the' habit  of  receiving 
three  or  four  dollars  a  dav  for  his  services.  He  was  informed  that 
there  was  a  small  job  to  do  which  consisted  of  subdividing  a  block. 
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the  corners  of  which  were  already  set,  and  that  if  he  wanted  to  go 
out  and  act  as  chainman  at  f  1.50  per  day,  he  could  get  in  the  day; 
that  he  was  sorry  he  could  not  do  better  by  him,  as  he  had  a  sur- 
veyor in  the  office  whom  he  would  send  out  to  do  the  work.  The 
instrumentman  said  that  he  would  go  and  act  as  chainman. 

When  ihey  reached  the  ground  the  chainman  set  ranges  at  the 
block  corners  and  spread  the  stakes  along  on  the  lines,  and  the 
surveyor  set  the  transit  over  a  stake  at  one  of  the  block  corners 
and  leveled  it  up.  They  then  chained  one  of  the  lines  setting 
stakes  the  proper  distance  apart  and  lining  them  in  as  well  as  they 
could  by  the  eye.  When  they  reached  the  end  of  the  line  the  sur- 
veyor said  he  would  go  back  to  the  transit  and  give  line.  He  cau- 
tioned the  chainman  to  be  very  careful  in  driving  the  stakes  as  he 
wanted  good  work  done,  because  they  were  subdividing  valuable 
property  and  not  land  in  the  country,  and  that  if  he  expected  to  go 
out  with  him  any  more  he  would  have  to  show  that  he  was  a  first- 
class  chainman.  After  giving  this  advice  the  surveyor  went  back 
to  the  transit  and  began  looking  through  it,  then  pulled  out  his 
handkerchief  and  wiped  the  object  glass,  looked  again  and  did 
some  more  wiping;  and,  after  fooling  around  for  fifteen  or  twenty 
minutes,  he  called  his  chainman  up  and  told  him  they  would  have 
to  go  back  to  the  office.  The  very  thing  he  had  been  expecting 
had  happened;  the  instrument  was  used  the  day  before  in  all  the 
rain  and  the  cross  hairs  were  washed  out  of  it.  Of  course  the 
chainman  did  not  feel  disposed  to  offer  any  information  to  a  man 
who  had  been  lording  it  over  him,  and  the  result  was  that  they 
went  back  to  the  office.  When  the  surveyor  asked  the  man  he  had 
sent  out  in  charge  as  to  what  was  the  matter,  he  was  told  that  the 
cross  hairs  had  been  washed  out  of  the  transit  and  that  they  could 
not  run  any  lines.  Then  the  surveyor  set  up  the  transit  and  after 
adjusting  the  eye  piece  brought  the  cross  hairs  into  view  and  then 
turned  on  the  chainman  and  commenced  to  rake  him  over  the  coals 
for  not  finding  the  cross  hairs  for  the  surveyor.  Of  course  the 
chainman  told  him  that  he  went  out  as  a  chainman  and  that  if  he 
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had  paid  him  to  take  charge  and  do  the  work  it  would  have  been 
done,  but  that  under  the  circumstances  he  did  not  feel  disposed  to 
do  more  than  he  was  hired  for.  It  developed  that  the  man  who 
had  been  sent  out  in  charge  of  the  work  had  only  one  month's  ex- 
perience and  that  the  surveyor  was  aware  of  it  and  was  only  pay- 
ing him  $g  per  week.  This  surveyor  afterwards  told  this  story  to 
other  surveyors  with  the  purpose  of  injuring  the  instrumentman, 
stating  to  them  that  a  man  that  would  do  a  trick  like  that  should 
not  be  employed  by  anyone.  He  was  informed  by  some  of  them 
that  the  best  thing  for  him  to  do  in  the  future,  when  he  had  more 
work  than  he  could  do,  was  to  pay  decent  wages  and  he  would  get 
someone  that  understood  surveying. 

In  another  case  a  surveyor,  who  claims  to  rank  with  the 
leading  surveyors  of  Chicago,  made  a  large  subdivision  in  the 
northwestern  part  of  Cook  County.  He  employed  as  chainmen 
two  country  boys  who  never  had  any  experience;  and,  after 
showing  them  how  to  hold  the  chain  and  to  read  it,  he  taught  one 
of  them  how  to  set  up  the  transit  and  sight  through  it,  and  in  the 
course  of  two  or  three  weeks  he  had  his  plat  made  and  the  block 
corners  set.  Other  work  called  him  away  and  he  left  his  transit 
with  the  boys  and  told  them  to  go  ahead  and  stake  out  the  lots 
and  make  them  the  same  as  the  plat  showed,  which  tHfey  did. 
Some  time  afterwards  when  making  a  survey  in  that  part  of  the 
county,  the  author's  attention  was  called  to  this  survey  by  hearing 
the  two  boys  speak  about  it.  They  told  him  how  they  had 
surveyed  and  subdivided  i6o  acres  into  lots;  that  in  three  weeks 
they  had  become  surveyors;  and  that  there  was  nothing  in 
surveying  but  to  look  through  the  transit  and  to  know  how  to  read 
a  chain.  Shortly  after  this  the  author  was  surprised  to  hear  the 
surveyor  himself  telling  how  he  had  taught  two  green  boys  to  run 
a  transit  and  chain  in  so  short  a  time,  and  how  he  was  able  to 
leave  the  work  in  their  hands  to  finish.  He  was  asked  if  he  had 
checked  their  work  and  he  said  no,  that  he  was  satisfied  that  it  was 
all  right. 
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There  are  surveyors  in  Chicago  who  have  in  their  employ 
men  that  could  not  pass  the  simplest  kind  of  an  examination. 
They  receive  ^40  to  ^50  per  month  as  rodmen  and  chainmen, 
and  when  orders  come  into  their  offices  faster  than  the  regular 
surveying  parties  can  handle  them,  new  parties  are  made  up  and 
the  J40  or  ^50  per  month  chainmen  sent  out  in  charge  of  them. 
The  surveyors  that  make  a  practice  of  doing  this  say  they  have  a 
right  to  do  so,  as  they  are  assuming  the  responsibility  and  if  there 
is  any  mistake  made  they  will  have  to  stand  for  it.  Is  this  justice 
to  they  property  owner  who  comes  in  good  faith  to  a  surveyor 
whom  he  knows,  or  has  heard  of  by  reputation  to  be  a  careful  and 
competent  man,  and  expects  to  get  a  survey  that  will  be  made  by 
a  man  throughly  posted  in  his  profession? 

This  idea  of  sitting  in  your  office  and  telling  your  chainman 
what  you  found  years  ago  in  this  block  or  that  block  and  to  chain 
so  far  from  this  fence  or  this  building  and  drive  stakes  for  his  lot 
lines,  is  all  right  sometimes;  but  there  are  certainly  times  when  it 
it  not  all  right.  It  would  be  better  for  the  surveyor,  the  property 
owner,  and  everybody  else  if  a  competent  surveyor  had  been  sent 
out  who  would  check  up  the  previous  work  and  also  investigate 
and  find  out  how  the  new  surveys  in  that  block  made  by  other 
surveyors  agreed;  and  if  there  is  a  difference,  find  the  reason  and 
catch  any  mistake  in  time.  What  opinion  does  the  educated  man 
in  some  other  profession  have  of  the  surveyors  in  general  when  he 
sees  a  man  in  charge  of  a  party  making  a  survey  who  he  knows  is 
not  capable  of  doing  long  division? 

The  foregoing  remarks  are  made  by  the  author  purely  in  the 
interest  of  the  surveying  profession  and  with  the  hope  that  the 
next  bill  presented  to  the  State  Legislature  will  contain  a  clause 
that  will  do  away  with  the  objection  stated. 

DISCUSSION. 

Pres.  H.  G.  Paddock:  The  bill  as  presented  to  the  Legis- 
lature was  a  compilation  of  two  bills,  one  prepared  by  Mr.  Greeley 
and  one  by  the  speaker.     This  was  done  in  order  that  all  the  ideas 
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might  be  embodied.  The  bill  was  then  put  into  the  hands  of  Sen- 
ators Juul  and  Johnson.  Senator  Juul  went  through  the  bill  and 
made  several  suggestions  which  were  adopted  and  all  suggestions 
made  by  any  Member  were  thoroughly  considered. 

The  speaker  never  heard  the  objection  alluded  to  by  Mr. 
Feeney,  and  he  talked  to  more  than  a  hundred  Members  of  the 
Legislature.  He  feels  sure  that  if  this  objection  had  been  made 
to  the  bill  it  would  certainly  have  been  amended.  As  to  the  cor- 
rectness of  the  contention  of  Mr.  Feeney,  the  speaker  wishes  to 
say  that  he  surely  will  not  favor  any  bill  hereafter  upon  which  any 
such  construction  can  be  put.  He  believes  that  the  person  in 
charge  of  a  surveying  party  should  be  a  licensed  surveyor. 

It  is  a  fact  that  unless  a  bill  can  be  presented  which  will  be 
free  from  objections  by  Chicago  surveyors  and  in  fact  from  all  but 
County  Surveyors  it  will  be  useless  to  attempt  to  pass  it  through 
the  Legislature. 

Mr.  W.  p.  Feeney:  This  question  of  licensing  surveyors  was 
discussed  before  the  bill  reached  Chicago.  At  that  time  some  of 
the  Chicago  surveyors  were  opposed  to  all  kinds  of  bills.  They 
used  the  objection  referred  to  in  the  paper.  They  used  it  with 
good  effect  upon  the  Members  of  the  Legislature  whom  they  could 
influence.  The  speaker  knows  personally  two  Members  of  the 
Lenislature  who  were  opposed  to  the  bill  simply  on  these  grounds, 
and  if  it  had  ever  reached  the  House  they  would  have  voted  against 
it.  There  is  no  Chicago  surveyor  who  was  seen  by  the  speaker 
who  would  not  say  that  the  bill  was  defeated  because  it  had  this  one 
objectionable  feature;  however,  they  themselves  were  not  opposed 
to  the  bill  as  it  stood. 

The  object  which  the  speaker  had  in  bringing  this  matter  be- 
fore the  Society  was  to  insure  that  the  next  bill  brought  before  the 
Legislature  will  not  be  open  to  this  objection.  He  is  in  favor  of 
any  bill  because  it  will  be  sure  to  be  beneficial,  but  there  is  no 
reason  why  all  objectionable  features  can  not  be  taken  care  of. 

It  might  be  well  for  the  Society  to  go  on  record  recommending 
a  bill  that  will  contain   a   clause  which   will  prevent   people  from 
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employing  incompetent  men,  knowing  them  to  be  such.  That 
something  of  this  kind  is  necessary  is  certain.  There  is  a  case  on 
record  in  the  recorder's  office  in  Chicago  which  shows  that  a  man, 
considered  a  prominent  surveyor  of  Chicago  and  who  was  after- 
wards elected  County  Surveyor,  subdivided  160  acres  and  made 
the  mistake  of  having  sixteen  lots  too  many.  The  excuse  he  made 
was  that  he  did  not  make  the  mistake  himself  but  that  his  boy 
made  the  survey.  The  property  owner  was  out  the  expense  of 
employing  a  competent  surveyor  to  go  over  the  work  to  correct  the 
mistakes. 

Prof.  M.  S.  Ketchum:  The  present  Architects'  License  Law 
is  open  to  exactly  the  same  objection.  Any  licensed  architect  can 
have  all  his  work  done  by  his  subordinates.  He  need  not  even  see 
the  worjc;  all  that  is  necessary  is  that  he  put  his  stamp  on  the 
plans.  The  speaker  does  not  see  but  that  it  is  going  to  be  hard  to 
pass  a  law  that  will  not  allow  a  surveyor  to  have  his  work  done  by 
subordinates  who  are  not  licensed. 

As  far  as  the  Society  is  concerned  it  seems  to  the  speaker  that 
it  should  take  action  to  drop  the  matter  or  appoint  a  committee  to 
watch  the  developments. 

Mr.  S.  S.  Greeley:  The  clause  which  the  author  seems  to 
object  to  is  Art.  VII,  Sec.  5.*  The  speaker  does  not  see  how  it 
is  possible  to  prevent  a  man  from  employing  skilled  assistants.  If 
he  is  foolish  enough  to  employ  unskilled  assistants  the  public  will 
soon  find  it  out  and  his  practice  leaves  him.  There  is  nothing  in 
the  law  to  prevent  an  assistant  of  a  surveyor  from  becoming  a 
licensed  lurveyor.  It  is  endeavored  to  have  them  so.  The  gist  of 
the  whole  paper  seems  to  be  that  there  are  two  dishonest  surveyors 
in  Chicago.  There  will  be  dishonest  men  even  if  a  bill  is  passed. 
It  is  impossible  tado  else  than  to  legislate  against  thieves. 

The  position  which  the  speaker  is  beginning  to  take  after 
nearly  forty  years  of  effort  to  get  these  bills  through  is  this:  The 
whole  surveying  business  in  Illinois  is  a  very  small  affair;  very  few 


'See  Sixteenth  Annual  Report,  pajre  18. 
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persons  are  interested  in  it  besides  the  surveyors  themselves.  The 
only  persons  who  have  been  active  in  trying  to  get  a  bill  of  this 
kind  through  are  the  surveyors,  principally  the  Chicago  surveyors, 
and  they  are  few,  there  being  only  thirty  or  thirty-two  offices  in 
that  City.  The  only  decided  aid  given  was  by  the  Real  Estate 
Board  of  Chicago  last  year.  They  gave  the  movement  a  very 
friendly  endorsement  but  could  not  give  any  aid  at  Springfield  be- 
cause they  were  taken  up  with  their  own  matters.  Some  fifteen  or 
twenty  years  ago  this  Society  was  started  as  a  Surveyors'  and  En- 
gineers' Society.  It  has  now  practically  ceased  to  be  a  Surveyors' 
Society  because  very  important  and  very  pressing  problems  of 
Engineering  have  come  up,  and'the  whole  interest  is  very  properly 
centered  upon  those  questions  rather  than  upon  the  trifling  prob- 
lems of  Surveying.  Therefore  the  speaker  does  not  think  that  it 
is  incumbent  upon  the  Society  to  make  any  further  efforts  to  have 
a  bill  of  this  kind  passed.  The  only  thing  that  ought  to  be  done  is 
to  watch  for  hostile  legislation.  Every  once  in  awhile  someone 
brings  up  a  bill  providing  that  no  survey  shall  be  made  except  by 
County  Surveyors,  or  something  that  looks  much  that  way.  If  the 
competent  surveyors  are  left  alone  the  matter  will  probably  work 
out  by  itself.  The  surveyors'cannot  expect  to  do  much,  both  be- 
cause of  the  division  among  them  and  the  smallness  of  their 
number. 

There  is  a  very  great  effort  to  get  rid  of  the  useless  office  of 
County  Surveyor.  That  office  will  drop  of  itself  and  then  will  be 
the  proper  time  to  take  up  the  matter  of  licensing  surveyors. 
Action  of  this  kind  should,  however,  come  from  the  outside;  from 
the  property-owner.  The  public  seems  to  be  pretty  well  served  as 
the  whole  thing  stands  at  present.  The  competent  surveyor  can 
do  every  single  act  that  the  County  Surveyor  can  do  with  the  ex- 
ception that  his  plats  are  not  received  without  personal  testimony. 
The  County  Surveyor's  plat  can  be  introduced  as  evidence,  although 
this  is  not  generally  done  unless  it  is  supplemented  by  the  County 
Surveyor's  testimony. 
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Mr.  J.  C.  Quade:  As  stated  by  Mr.  Greeley,  a  man  in  charge 
of  a  large  surveying  office  can  not  take  charge  of  the  work  in  every 
survey  himself.  The  speaker  is  in  favor  of  having  the  man  ia 
charge  of  a  party  a  licensed  surveyor. 

Mr.  J.  G.  Melluish:  It  is  certainly  very  desirable  that  the  man 
in  charge  of  a  party  b6  a  licensed  surveyor;  however,  it  must  be 
remembered  that  in  order  to  get  anything  through  the  Legislature 
everybody  will  have  to  be  satisfied.  The  bill  must  necessarily  be 
a  compromise  bill  and  the  question  upon  which  the  Society  ought 
to  decide  is  whether  it  will  support  a  compromise,  or  whether  the 
bill  must  conform  to  the  Society's  views  to  have  its  support. 

The  surveyor  is  not  to  be  compared  with  the  architect  in  this 
matter  of  license.  The  architect's  work  is  more  or  less  temporary 
while  the  surveyor's  work  affects  title  and  is  carried  down.  The 
architect's  work  is  subject  to  inspection  by  building  inspectors, 
while  the  surveyor's  work  is  not  checked.  The  architect's  license 
can  not  serve  as  a  model  for  a  Surveyors'  License  Law. 

Mr.  F.  C.  Rossiter:  A  phase  of  this  question  which  was  not 
touched  upon  in  the  paper  was  discussed  to  some  extent  in  Chi- 
cago. This  was  in  regard  to  the  fact  that  if  the  assistant  of  a  sur- 
veyor was  not  a  licensed  surveyor  he  would  not  have  much  standing 
as  a  witness  in  court.  In  the  cross  examination  he  would  be  asked 
if  he  were  a  licensed  surveyor;  if  he  answered  no  there  would  imme- 
diately be  a  question  as  to  his  competency  as  a  witness.  There  is 
even  now  often  a  discussion  when  a  witness  is  asked  if  he  is 
the  County  Surveyor  as  to  his  competency  as  a  witness.  The 
speaker  would  object  very  strongly  to  any  measure  by  which  his 
employes  would  be  placed  at  a  disadvantage  in  court.  The  Archi- 
tects' License  Law  was  discussed  among  the  Chicago  surveyors 
and  it  was  thought  very  objectionable.  The  bill  presented  to  the 
Legislature  was  also  not  approved  of.  The  speaker  himself  did 
not  lend  it  his  support. 

As  was  stated,  the  question  before  the  Society  is,  shall  it  sup- 
port a  bill  which  it  believes  to  be  correct  or  shall  it  support  a  com- 
promise bill?     It  is  certain  that  a  bill  which  conforms  to  the  wishes 
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of  the  Society  will  never  pass  the  Legislature.  This  bill  will  surely 
do  away  with  the  office  of  County  Surveyor,  and  if  we  remember 
(hat  most  of  the  County  Surveyors  are  politicians  it  is  easily  seen 
that  with  their  efforts  they  can  defeat  it.  The  bill  in  order  to  pass 
the  Legislature  must  be  a  compromise  bill.  It  is  the  speaker's 
opinion  that  a  bill  might  be  drawn  up  which  will  have  the  support 
of  the  Chicago  surveyors,  and  it  would  be  well  to  have  something 
of  this  kind  again  brought  before  the  Legislature.  However,  it 
should  be  done  slowly  and  no  steps  taken  which  are  too  radical. 
Some  discussion  took  place  in  Chicago  as  to  the  advisability  of 
having  a  bill  which  was  specially  applicable  to  Chicago  because 
the  most  valuable  property  in  the  State  is  in  Chicago.  This  might 
serve  as  a  beginning  for  the  whole  matter. 

The  point  has  been  made  that  bad  surveying  affects  the  prop- 
erty owners.  Mr.  Feeney  cited  a  case  in  Chicago.  The  man  who 
had  this  surveying  done  was  Mr.  S.  £.  Gross,  the  greatest  Chicago 
real  estate  man.  He  at  first  employed  the  best  surveyors  but  they 
charged  him  too  much  and  he  went  to  the  cheaper  men.  It  can 
be  seen  from  this  how  he  feels  about  the  matter. 

Prof.  A.  N.  Talbot:  It  seems  to  the  speaker  that  the  point 
brought  out  in  the  paper  is  covered  by  Art.  I,  Sec.  4.  *  That, 
perhaps,  is  not  so  ideal  an  arrangement  as  requiring  the  chainman 
or  the  man  in  charge  of  the  party  to  be  a  licensed  surveyor,  but  it 
would  work  out  if  this  bill  were  enacted  into  a  law  and  a  proper 
kind  of  a  Board  of  Examiners  appointed.  It  easily  ought  to  work 
out  so  that  facts  as  described  would  result  in  the  revocation 
of  license. 

So  far  as  the  general  question  of  the  desirability  and  practica- 
bility of  the  enactment  of  the  law  is  concerned  there  is  rather 
wide  room  for  discussion,  and  we  would  not  be  well  agreed  upon 
that  point.  We  have  to  consider  the  effect  of  such  legislation  in 
other  fields  of  work.  The  basis  upon  which  such  a  law  as  this 
would   be   advocated  would   be    the   protection   of  the   property 

*  See  Sixteenth  Annual  Report  pasre  17. 
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owners  from  having  improper  surveys  made.  It  cannot  be  placed 
on  the  same  ground  upon  which  either  the  physicians*  or  the 
attorney's  license,  or  even  the  architect's  license  were  based. 

The  attorneys'  license  of  course  is  good  because  there  is  a 
regulation  of  the  court  in  order  that  the  business  of  the  court, 
public  business,  may  be  properly  and  accurately  transacted.  The 
physicians'  license  and  the  architects'  license,  in  the  same  way, 
are  based  upon  the  police  powers  of  the  State  to  protect  life  and 
health.  The  Architects'  License  Law  is  not  based  upon  a  man's 
ability  to  design  for  appearance,  but  upon  his  ability  to  design  for 
strength  and  proper  sanitation. 

The  speaker  happens  just  now  to  be  a  member  of  a  committee 
of  the  American  Society  of  Civil  Engineers  appointed  to  investi- 
gate whether  it  would  be  feasible  or  desirable  to  consider  the 
matter  of  license  in  the  Engineering  Profession  in  general. 
Whether  it  would  be  practicable  and  desirable  to  weed  out 
incompetents  by  some  form  of  license  or  other  method.  It  can 
be  seen  that  this  brings  up  even  greater  difficulties  than  is  the 
case  with  surveying  because  the  Engineering  profession  is  so 
broad,  covering  as  it  does,  the  various  lines  of  Mechanical 
Engineering,  Bridge  Engineering,  Sanitary  Engineering,  and  other 
fields.  Any  examination  which  would  be  common  to  all  must 
necessarily  be  very  elementary.  The  only  other  way  out  of  the 
difficulty  would  be  the  division  into  classes  and  in  making  examin- 
ations in  these  various  classes.  There  again,  many  men  are 
practicing  on  the  line .  of  two  great  divisions  and  it  would  be 
nepessary  for  them  to  have  a  license  in  each  of  these  different 
fields.  As  was  said,  this  committee  is  investigating  this  matter 
and  the  speaker  does  not  know  what  their  report  will  be,  but  it  can 
be  judged  what  obstacles  are  in  the  way  of  carrying  out  any 
scheme  of  this  kind,  and  the  speaker  for  one  does  not  see  upon 
-what  basis  it  could  be  put. 

So  far  as  the  bill  for  licensing  surveyors  is  concerned  the 
speaker  feels  that  while  it  would  greatly  benefit  property  owners, 
yet  it  seems  to  him  that  in  view  of  the  almost  certain  action  of  the 
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Legislature  in  turning  it  down  and  other  difficulties  in  the  way, 
Mr.  Greeley's  recommendation  that  the  matter  be  dropped  is  the 
best  one  for  the  Society  to  follow. 

Mr.  B.  J.  Ashley:  This  Society  has  spent  a  good  deal  of 
time  and  effort  on  the  question  of  licensing  surveyors  and  if  the 
matter  is  dropped  all  this  is  lost.  If  it  has  been  found  that  some 
things  are  not  acceptable  to  the  Legislature,  now  is  the  best  time 
to  change  them.  The  personnel  of  the  Legislature  certainly 
changes  every  year,  but  some  of  the  members  will  again  be  there 
next  year  and  the  matter  will  be  fresh  with  them.  If  the 
objectionable  features  are  removed  they  will  likely  give  their 
support.  If  a  bill  is  passed  which  turns  out  to  have  objectionable 
features  it  can  easily  be  amended. 

In  this  connection  it  might  be  well  to  consider  the  question 
of  holding  the  next  meeting  at  Springfield,  so  that  the  members 
may  come  in  contact  with  the  members  of  the  Legislature  and 
exert  what  influence  they  can. 

Mr.  W.  M.  Hay:  This  matter  ought  to  be  discussed  on  the 
broad  foundation  of  the  benefit  it  would  be  to  the  property 
owners.  The  Society  must  attack  it  in  this  way  if  it  expects  to 
l^et  anything  through  the  Legislature.  A  bill  must  be  produced 
which  will  not  affect  the  competent  surveyors  either  way  but  will 
be  of  great  benefit  to  the  property  owner.  With  this  idea  upper- 
most in  our  minds  we  can  expect  to  do  something. 
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REPORT    OF    COMMITTEE    ON    SURVEYORS'  LICENSE 

LEGISLATION. 


Your  Committee  on  Surveyors'  License  Legislation  used  its 
best  efforts  to  secure  the  passage  of  the  Surveyors'  License  Bill  as 
endorsed  by  the  Society  in  connection  with  the  Chicago  Survey- 
ors' Club.  Our  Vice-President,  Mr.  Rudolph  of  the  Chicago  Sur- 
veyors' Club,  did  everything  in  his  power  to  further  the  passage  of 
the  bill  by  going  to  Springfield  at  any  and  all  times  when  it  seemed 
that  there  was  anything  to  be  gained  by  so  doing  and  also  by  hav- 
ing personal  interviews  in  Chicago  with  Cook  County  members. 

One  of  the  duties  of  the  Legislature  was  to  redistrict  the  State, 
which  was  a  particularly  difficult  matter  at  this  time,  occupying 
the  attention  of  the  Legislature  to  the  exclusion  of  all  other  busi- 
ness for  several  weeks.  This  was  followed  by  the  consideration  of 
the  appropriation  bills.  The  determination  of  the  Legislature  that 
no  other  business  should  be  taken  up  until  these  matters  were  dis.- 
posed  of  and  the  unusual  uncertainty  as  to  when  the  Legislature 
would  agree  on  a  settlement  of  those  questions,  made  it  particu- 
larly difficult  to  determine  when  any  given  measure  would  be  con- 
sidered. 

The  bill  was  introduced  in  the  Upper  House  by  Senator  Juul 
and  in  the  Lower  House  by  Representative  Miller,  in  conjunction 
with  Representative  Johnson,  who  did  everything  in  their  power  to 
secure  its  passage.  The  bill  was  taken  up  first  in  the  Senate  and 
referred  to  the  Committee  on  Judicial  Department  and  Practice 
and  by  them  referred  to  a  sub-committee  of  that  committee.  The 
friends  of  the  measure,  believing  that  this  committee  was  as 
favorable  as  any  either  in  the  Senate  or  House,  concluded  to  push 
it  there  rather  than  in  the  House,  particularly  tis  business  in  the 
Senate  was  much  further  advanced  than  in  the  House.  We  had 
been  to  Springfield  and  looked  the  ground  over  somewhat  and  made, 
as  wesupposed,  arrangements  to  be  notified  whenever  the  committee 
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was  ready  to  take  the  matter  up,  but  by  a  misunderstanding 
we  were  not  notified  in  time  to  get  to  Springfield  until  after  the 
%ub-committee  had  had  a  meeting  and  decided  to  recommend  an 
adverse  report  by  their  committee.  It  then  became  a  necessity  to 
persuade  in  some  way  this  sub-committee  to  change  their  mind 
and  recommend  to  their  committee  that  the  bill  be  reported  for 
passage  which  finally  after  a  great  deal  of  work,  we  succeeded  in 
doing.  By  this  time  so  much  of  the  time  of  the  session  had  been 
consumed  that  the  members  became  very  impatient  to  put  the  busi- 
ness in  the  way  of  completion.  Within  a  session  of  reasonable 
length  the  bill  was  finally  reported  by  the  committee  but  was  de- 
feated in  the  Senate  by  three  votes. 

The  bill  created  a  board,  thereby  giving  the  Governor  addi- 
tional patronage  to  which  many  of  the  members  objected  as  they 
claimed  he  had  too  much  patronage  already.  Many  of  them  for 
that  and  other  reasons  were  in  favor  of  abolishing  all  of  the  boards 
that  now  existed  and  of  putting  the  State  Institutions  under  some 
general  commission.  There  were  several  bills  before  the  Legis- 
lature creating  boards  for  various  purposes.  This  led  some  of  the 
members  to  remark  that  if  the  Legislature  kept  on,  every  line  of 
business  in  the  State  would  be  under  the  control  of  a  Board,  Other 
members  stated  that  the  first  Board  might  be  all  right,  but  that 
they  would  soon  cease  to  issue  the  license  strictly  on  merit  but 
would  insist  that  the  candidate  be  a  graduate  of  some  one  or  more* 
favored  institutions  of  learning.  Sqme  few  claimed  that  it  would 
create  a  trust  and  a  monopoly  and  still  others  objected  to  other 
features  of  the  bill,  suggesting  a  modification.  In  all  such  cases 
as  the  latter,  we  informed  the  Member  that  we  were  not  ready  to 
say  that  ours  was  the  best  bill  that  could  be  prepared  on  the  sub- 
ject and  that  all  we  asked  was  for  the  Legislature  to  take  the  mat- 
ter under  consideration  and  pass  a  bill  that  in  their  judgment  would 
best  correct  the  evils  of  the  present  system.  That  the  present 
system  was  not  in  the  interest  of  the  people,  they  all  seemed  will- 
ing to  acknowledge.  H.  G.  Paddock, 

S.  S.  Greeley, 
W.  H.  Tarrant. 
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REPORT  OF  THE  COMMITTEE  ON  SURVEYING. 


The  proposed  legislation  relating  to  the  licensing  of  land  sur- 
veyors was  placed  in  charge  of  a  special  committee  which  presents 
a  report  upon  that  subject  and  make  recommendations  regarding 
the  same. 

The  proposed  topographical  survey  of  Illinois,  discussed  at 
the  last  meeting,  was  formulated  into  a  bill  and  presented  to  the 
Legislature.     The  measure  was  defeated. 

This  committee  has  discussed  the  question  of  **  Plats*' and 
has  suggested  that  a  discussion  of  this  question  among  the  Mem- 
bers of  the  Society  would  prove  beneficial.  This  question  suggests 
itself  because  of  the  wide  differences  in  the  manner  of  form  and 
outline  and  in  the  use  of  all  kinds  of  paper,  scales,  and  sizes  in  the 
make-up  of  plats  of  city  and  village  subdivisions.  To  harmonize, 
advance,  and  improve  this  particular  and  important  branch  of  the 
surveyor's  work  would  reflect  much  credit  to  the  surveying  fra- 
ternity of  this  Society.  There  is  no  place  where  the  **  trade 
marks"  of  a  surveyor's  skill  and  practice  can  be  displayed  to  bet- 
ter advantage  than  in  proper,  neat,  accurate,  and  complete  records 
of  his  work  as  shown  by  his  plats. 

Another  matter  of  importance  to  surveyors  and  to  the  owners 
of  real  property,  especially  those  in  rural  districts,  is  the  preserva- 
tion of  the  land  marks  and  monuments  in  the  public  highways. 
Every  surveyor,  who  has  had  occasion  to  do  work  in  the  country 
or  farming  districts,  no  doubt  has  at  times  sweat,  dug,  and  searched 
in  vain  for  land  marks  supposed  to  be  located  in  the  public  high- 
ways. The  only  consolation  he  gets  is  the  fact  that  the  object  of 
his  search  is  gone.  This  fact  is  consoling  because  it  is  important. 
It  suggests  reflection  to  the  causes  operating  to  remove  and  destroy 
the  location  of  such  land   marks.     To  those  who  have  given   the 
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subject  any  attention  the  principal  cause  is  soon  evident.  To  the 
Commissioners  of  JHighways  of  the  many  townships  is  delegated . 
the  duty  to  grade,  improve,  and  maintain  the  public  highways  of 
the  State.  Much,  or  some  of  this  work,  has  been  done  by  careful 
overseers  mindful  of  the  importance  of  land  marks  located  in  the 
highways;  yet,  with  the  multitude  of  townships  in  the  State  and 
with  thrice  as  many  Commissioners  of  Highways,  it  is  evident  that 
careless  or  ignorant  persons  will  be  oftentimes  elected.  Again, 
Commissioners  have  been  elected  who  have  never  given  a  thought 
to  this  question,  their  attention  never  having  been  directed  to  the 
matter.  The  fact  of  the  matter  is  that  Highway  Commissioners, 
in  grading  the  highways,  are  too  often  neglectful  of  this  question 
of  land  marks  which  to  them  should  be  all  important  for  the  reason 
that  such  marks  designate  where  the  true  center  line  of  the  high- 
way is  located.  In  these  days  when  many  land  owners  are,  or 
have  been,  encroaching  upon  the  public  highways  it  is  important 
to  know  where  the  true  center  line  is  located  in  order  that  at  some 
future  date  the  encroachment  may  not  be  charged  to  the  land 
owner  who  has  kept  within  his  bounds.  Simple  justice  to  the 
community,  therefore,  demands  that  the  Highway  Commissioner 
should  know  and  prevent  the  causes  which  have  led  to  the  destruc- 
tion of  many  land  marks  in  the  past.  As  long  as  present  and  past 
conditions  prevail  whereby  Commissioners  of  Highways  are  not 
sufficiently  aroused  to  the  importance  of  this  matter  all  exposed 
land  marks  in  the  highways  will  be  subject  to  removal  by  teamsters 
and  workmen  doing  grading  upon  the  highways.  The  strong  and 
powerful  road  machines  which  grade  and  surface  the  road  are  also 
becoming  troublesome  factors  in  the  elimination  of  land  marks. 
Many  land  marks  which  are  gone  would  have  never  been  disturbed 
if  the  persons  working  upon  the  public  highways  had  known  of 
their  importance  or  had  been  cautioned  by  the  Highway  Commis- 
sioner regarding  them. 

For  the  future  protection  of  these  land  marks  this  committee 
believes  that  the  Highway  Commissioners  must  be  aroused  and 
enlisted  in  the  matter.     If  the  County  Surveyor  presents  the  ques- 
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tion  to  the  Board  of  Supervisors  in  the  proper  light  he  can  gener- 
ally secure  enough  of  an  appropriation  to  have  printed  and  mailed 
to  each  Highway  Commissioner  a  circular  letter  pointing  out  the 
importance  of  the  subject  to  the  public  and  the  Commissioners. 
Such  suggestions  as  will  impress,  yet  not  offend  him,  should  be 
included.  A  letter  of  this  character  from  the  County  Surveyor  and 
authorized  by  the  Board  of  Supervisors  would  be  respectfully  con- 
sidered and  its  suggestions  and  instructions  generally  followed. 

From  the  standpoint  of  the  Surveyor  this  matter  of  land  mark 
elimination  and  destruction  is  one  fraught  with  serious  conse- 
quences; and  although  it  might  be  to  his  pecuniary  advantage  to 
look  at  the  situation  in  silence,  yet  as  a  public-spirited  citizen  he 
should  forever  raise  his  voice  and  hand  against  all  causes  which 
operate  to  remove  and  destroy  those  silent  markers  of  the  ground 
which  prevent  dispute  and  litigation. 

W.  M.  Hay, 
Emil  Rudolph, 
L.  Z.  Jones. 

Five  copies  of  the  following  letter  were  sent  to  the  County 
Clerks  and  County  Surveyors  of  the  State  in  accordance  with  the 
action  of  the  Society  as  shown  on  page  14: 

"Dear  Sir:  At  the  last  annual  meeting  of  the  Illinois  So- 
ciety of  Engineers,  attention  was  called  to  the  frequent  destruction 
or  removal  of  stones  or  other  marks  set  along  the  public  highways 
for  perpetuating  land  boundaries.  A  resolution  was  passed  direct- 
ing the  secretary  to  mail  a  circular  letter  to  the  County  Clerk  and 
County  Surveyor  of  each  County  in  the  State,  and  request  that  the 
various  Commissioners  of  Highways  be  urged  to  exercise  special 
care  so  that  these  valuable  marks  be  not  disturbed.  These  monu- 
ments are  not  intentionally  destroyed,  but  in  the  grading  of  the 
highways  they  are  often  disturbed  or  removed  innocently.  The 
Commissioners  and  all  persons  who  have  charge  of  the  grading  on 
the  country  roads  should  be  reminded  that  a  stone,  rod,  or  other 
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monumental  mark  is  liable  to  be  found  at  any  section  corner^  and 
also  at  any  well  defined  fence  line  running  from  the  road  between 
section  corners;  that  the  destruction  or  removal  of  these  is  pro- 
hibited by  State  law  (see  Revised  Statutes,  Starr  and  CurtiSi  Chap. 
121);  and  that  great  care  should  be  exercised  not  to  disturb  any 
such  monuments  that  may  exist  at  these  points. 

''Attention  was  also  drawn  to  the  practice  of  some  land- 
owners of  moving  their  fences  out  into  the  public'highways.  This 
practice  should  be  vigorously  resisted  by  those  in  charge  of  the 
public  highways  in  the  various  townships,  even  if  there  is  no  other 
reason  than  that,  in  the  absence  or  loss  of  a  monument  at  a  corner, 
a  line  mid-way  between  fence  lines  is  liable  to  be  assumed  as  the 
proper  dividing  line  at  some  future  date,  and  thus  often  error  and 
litigation  follow. 

**  These  are  matters  of  great  moment  to  every  citizen,  and  es- 
pecially to  the  farmers;  and  we  believe  your  attention  need  only  be 
called  to  them  to  enlist  your  hearty  co-operation,  which  we  feel 
sure  you  will  accord. 

**  Yours  very  respectfully, 
'*  Illinois  Society  of  Engineers  and  Surveyors.' 
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/ 
WATER  SUPPLY  FOR  SMALL  CITIEsV 


BY    G.  W.   CHANDLER. 


The  question  of  an  abundant  potable  water  supply  for  small 
cities  and  villages  is  an  important  one.  It  is  one  with  which  the 
growing  inland  city  located  upon  the  prairie  with  no  lake,  pond, 
or  river  to  furnish  water  even  for  fire  protection  must  sooner  or 
later  grapple  and  solve.  We  have  many  of  these  small  munici- 
palities in  our  own  State  of  Illinois.  They  came  into  existence 
years  ago  along  some  line  of  railway  or  at  the  junction  of  several 
roads,  and  by  reason  of  their  judicious  location,  natural  resources, 
etc.,  have  caused  manufacturers  to  locate  factories  in  their  midst. 
These  in  turn  have  caused  other  industries  to  come  in  and  build  up 
a  thriving  city. 

The  problem  which  now  presents  itself  is  to  provide  an  ade- 
quate supply  of  good  potable  water  in  abundant  quantity  that  can 
be  delivered  at  a  reasonable  price  for  domestic  use  to  the  factory, 
and  for  fire  protection.  In  small  communities  the  people  must  of 
necessity  sink  surface  wells  and  depend  upon  these  for  their 
supply.  This  practice  becomes  more  dangerous  to  the  health 
of  the  community  as  the  village  grows,  becomes  more  congested 
and  populous,  causing  the  surface  supply  of  water  to  become  more 
contaminated  and  unfit  for  use.  The  solution  of  the  question 
seems  to  be  the  Artesian  well,  through  which  the  city  must  draw 
its  supply  from  the  water  bearing  rock  far  below  the  surface.  The 
whole  question  was  encountered  at  Canton,  111.,  and  the  author 
will  describe  the  works  there  in  order  to  indicate  the  proper  solu- 
tion of  the  problem. 

The  City  of  Canton  is  located  near  the  central  western  part  of 
the  State,  and  like  many  others  of  its  class  first  turned  its  attention 
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for  water  supply  to  surface  wells.  Two  of  these  wells  were  sunk 
12  feet  and  19  feet  in  diameter  leaving  a  depth  of  30  feet.  Near 
these  wells  was  built  a  small  pumping  station  and  a  Worthington 
duplex  direct  pressure  pump  of  750  gallons  per  minute  capacity, 
was  installed.  Under  ordinary  conditions  this  supply  of  water 
would  last  about  two  and  one-half  hours  at  a  fire  with  two  lines  of 
hose  in  use.  A  few  years  later,  in  1883,  the  city  was  visited  by  a 
severe  fire  which  wiped  out  nearly  one  entire  block  of  buildings 
near  the  center  of  the  city  and  practically  demonstrated  the  ine£S- 
ciency  of  the  water  supply. 

The  City  then  put  into  use  the  Artesian  well  that  had  been 
drilled  the  year  before  in  the  Public  Square.  This  well  is  2,500 
feet  deep,  the  water  standing  in  it  28  feet  below  the  surface,  and 
with  a  Hooker  pump  attached  it  yielded  about  60  gallons  per  min- 
ute. A  shaft  was  sunk  4  by  8  feet  by  80  feet  deep  around  this  Arte- 
sian well  for  a  storage  supply,  and  a  second  pump  was  connected 
to  this  sump  or  shaft.  These  two  pumps  would  pump  out  this 
supply  in  one  and  one-half  hours,  their  combined  capacity  being 
300  gallons  per  minute. 

In  1893  the  second  serious  fire  occurred  which  destroyed  the 
new  opera  house  and  damaged  several  adjoining  buildings,  and  the 
water  from  the  two  pumping  stations  again  proved  insufficient. 

In  1895  the  second  Artesian  well  was  drilled  in  the  southwest 
part  of  the  city  and  was  called  the  Avenue  D  well.  This  well  is 
located  on  a  plane  60  feet  below  the  first  Artesian  well  on  the  Pub- 
lic Square.  It  proved  a  flowing  one,  delivering  45  gallons  per 
minute  at  the  surface  of  the  ground,  the  water  standing  in  a  pipe 
15  feet  above  the  surface.  The  well  has  a  total  depth  of  1,646 
feet  and  penetrates  the  St.  Peter's  sandstone  241  feet.  The  fol- 
lowing is  a  correct  log  of  the  well: 

o  to  14  ft.,  14  feet,  clay. 

14  to  43  ft.,  29  feet,  blue  shale. 

43  to  88  ft.,  45  feet,  gray  shale. 

88  to  128  ft.,  40  feet,  blue  shale. 
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128  to 

129  to 
135  to 
170  to 
192  to 
194  to 
206  to 
261  to 
326  tb 
341  to 
348  to 
540  to 
765  to 
828  to 

xioo  to 

1305  to 
1405  to 


129  ft. 

135  ft. 

170  ft. 
192  ft. 
194  ft. 
206  ft. 

261  ft. 
326  ft. 

341  ft. 
348  ft. 

540  ft. 

765  ft. 

828  ft. 

II 00  ft. 

1305  ft. 
1405  ft. 
1646  ft. 


1  foot, 

6  feety 
35  feet, 
22  feet, 

2  feet, 
12  feet, 
55  feet, 
65  feet, 
15  feet, 

7  feet, 
192  feet, 
225  feet, 

63  feet, 
272  feet, 
205  feet, 
100  feet, 
241  feet. 


coal. 

fire  clay. 

blue  shale. 

gray  shale. 

coal. 

slate. 

shale. 

limestone,  sand,  and  shale. 

shale. 

black  limestone. 

limestone,  flint,  sand,  slate,  and  marl. 

shale. 

limestone. 

limestone  and  shale  mixed. 

Trenton  limestone.     (Water  bearing.) 

limestone,  sandstone  and  shale. 

in  St.  Peter's  sandstone. 


When  the  Trenton  Rock  was  entered  the  well  began  to  flow, 
it  not  being  necessary  thereafter  to  clean  out  the  well  with  the 
sand  pump.  The  surface  water  is  cased  off  from  the  well  by  a  14- 
inch  drive  pipe  extending  down  40  feet  from  the  surface.  Inside 
of  this  pipe  is  the  lo-inch  well  casing  extending  down  from  the 
surface  373  feet,  the  lower  end  having  a  steel  shoe  attached.  In- 
side of  this  lo-inch  pipe  is  the  6-inch  pipe  which  extends  on  down 
431  feet.  These  two  pipes  are  made  tight  at  their  junction  by 
means  of  a  lead  ring  packer.  The  balance  of  the  well  below  the 
6-inch  pipe,  842  feet,  is  a  6-inch  hole  through  the  rock,  total  depth 
of  well  being  1,646  feet. 

A  third  pump  house  was  built  and  a  new  Knowles  direct 
pressure  pump  having  a  capacity  of  1,100  gallons  per  minute  was 
installed.  This  was  connected  to  the  Artesian  well  and  pumped 
directly  from  it  by  suction  at  the  rate  of  90  gallons  per  minute. 
This  supply,  together  with  the  other  two  pumping  stations  fur- 
nished the  city  with  water  until   1900  when  the  Air  Lift  Process 


200  Illinois  Society  of  Engineers  and  Surveyors. 

was  adopted  for  the  Artesian  well.  A  receiving  well  was  built 
around  the  Artesian  well  holding  60,000  gallons  of  water,  and  the 
Air  Lift  Method  increased  the  supply  from  the  Artesian  well  from 
90  gallons  to  350  gallons  per  minute.  The  other  two  pumping 
plants  were  now  abandoned.  The  Worthington  pump  from  one 
plant  was  moved  down  and  set  up  at  the  Avenue  D  Station,  which 
with  the  Knowles  pump  makes  a  duplicate  system  of  delivery  to 
the  city  from  the  receiving  well.  The  capacity  of  these  two  pumps 
together  is  1,850  gallons  per  minute  against  a  head  of  75  pounds 
pressure  in  the  city  mains.  The  entire  city  water  supply  was  now 
taken  from  this  one  Artesian  well  at  the  .\venue  D  Station. 

In  igoi  an  additional  storage  of  water  was  provided  by  build- 
ing a  reservoir  just  west  of  the  receiving  well.  This  was  connected 
with  the  well  by  a  16-inch  pipe.  The  reservoir  holds  in  storage 
1,137,000  gallons  of  water.  The  amount  of  water  delivered  to  the 
city  taken  at  an  average  per  month  for  the  past  six  months  is 
4,264,000  gallons,  or  142,000  gallons  per  day.  This  requires  six 
and  three-quarter  hours  work  from  the  air  compressor,  the  dis- 
charge from  the  Artesian  well  being  350  gallons  per  minute. 

The  amount  of  water  pumped  from  the  Avenue  D  Station 
is  measured  by  means  of  a  6-inch  meter  attached  to  the  Knowles 
pump,  and  by  a  stroke  counter  attached  to  the  Worthington  pump. 
On  the  first  day  of  each  month  a  record  is  made  up  including  all 
running  expenses,  such  as  fuel,  oil,  waste,  salary,  etc. ;  and  the  cost 
of  pumping  per  thousand  gallons  determined.  This  cost  taken  on 
an  average  for  the  last  six  mouths  was  6 J. 3  cents  per  one  thousand 
gallons.  This  price  will  be  reduced  as  the  amount  of  water  pumped 
is  increased,  owing  to  the  fact  that  the  City  employs  a  night  engi- 
neer for  fire  protection  who  really  has  little  water  to  pump  for  the 
night  service. 

The  City  several  years  ago  adopted  the  meter  system  making 
it  compulsory  for  each  water  consumer  to  use  a  meter.  These 
meters  are  furnished  by  the  City  at  cost,  and  the  water  is  sold  at  a 
rate  per  thousand  gallons  depending  upon  the  amount  of  water 
used  daily.     This  method  seems  to  be  a  fair  one  both  for  the  con- 
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sumer  and  for  the  City,  as  each  consumer  pays  for  the  water  used 
and  he  can  regulate  the  amount  to  suit  his  finances.  This  plan 
also  checks  the  waste  and  leakage  generally  found  where  other 
methods  are  in  use.  The  City  now  has  in  use  some  420  meters, 
and  the  water  rate  is  as  follows: 

1000  gals,  or  less  per  day,  per  1000  gals 30      cents. 

1000  gals,  to    5000  gals 25      cents. 

5000  gals,  to  loooo  gals 20      cents. 

loooo  gals,  to  20000  gals 15      cents. 

20000  gals,  and  over 12^  cents. 

A  discount  of  25  per  cent,  is  given  if  payments  are  made 
before  the  loth  day  of  each  month. 

The  City  now  operates  only  the  Avenue  D  Station  and  derives 
its  entire  supply  from  the  one  Artesian  well  by  the  Air  Lift  Process. 
The  air  compressor  used  is  an  Ingersoll-Sergeant,  and  it  has  ca- 
pacity to  furnish  sufficient  air  for  an  additional  well  whenever 
needed  in  the  future  by  the  City.  The  air  compressor  is  a  duplex 
steam  compound  air  machine.  Steam  cylinders  are  12  inches  in 
diameter,  the  low  pressure  air  cylinder  is  18)^  inches  in  diameter, 
the  high  pressure  air  cylinder  is  11^  inches  in  diameter,  the  length 
of  stroke  is  14  inches.  At  a  speed  of  155  revolutions  per  minute 
the  machine  will  compress  637  cubic  feet  of  free  air  per  minute. 
At  the  present  time  the  compressor  is  run  at  74  revolutions  per 
minute,  using  300  feet  of  free  air  which  is  required  for  the  use  of 
the  one  Artesian  well.  In  the  first  cylinder  the  air  is  compressed 
to  15  pounds,  then  it  passes  through  the  intercooler  to  the  high 
pressure  cylinder  where  it  is  again  compressed  before  going  to  the 
air  receiver  and  well.  The  air  compressor  has  been  in  service  over 
one  year  and 'has  as  yet  required  no  repairs  and  is  working  finely. 
Where  the  greatest  quantity  of  water  is  desired  in  a  minimum 
space  of  time  from  one  or  more  Artesian  wells  there  is  no  doubt 
but  that  the  Air  Lift  Process  is  the  most  economical,  simple  and 
practical  method. 
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Inside  of  the  lo-inch  well  casing  is  hung  the  6-inch  pipe  which 
extends  down  in  the  well  295  feet.  Inside  of  this  pipe  is  the  ij^- 
inch  air  pipe  which  extends  down  255  feet,  the  upper  end  being 
connected  to  the  air  receiver.  It  takes  an  air  pressure  of  105 
pounds  to  start  the  column  of  water  in  the  well,  after  that  65 
pounds  is  sufficient.  The  difference  between  these  two  pressures, 
40  pounds,  taken  at  2  3-10  feet  per  pound  gives  92  feet,  which  is 
the  distance  the  water  is  lowered  below  the  outlet  when  the  well 
is  workijig. 

All  the  working  machinery  being  above  the  ground,  repairs 
and  breaks  are  accessible  and  can  be  remedied  without  long  delay. 

The  reservoir  was  built  during  the  summer  of  1901.  It  is  rec- 
tangular in  form,  100  feet  long  by  80  feet  wide,  the  corners  are 
turned  with  circles  of  20  foot  radius.  It  is  13  feet  deep  and  holds 
12  feet  of  water  to  the  overflow  line  which  is  12  inches  below  the 
top  of  the  coping.  The  bottom  is  built  of  concrete  10  inches  in 
thickness  including  a  3/^-inch  coat  of  Portland  cement  mortar.  The 
two  first  footings  of  the  side  walls  and  the  coping  are  also  built  of 
concrete.  The  concrete  was  mixed  in  the  following  proportions: 
One  part  of  Portland  cement  to  3^3  parts  clean  sharp  sand  to  j}^ 
parts  of  medium  crushed  rock.  This  proportion  for  mixing  was 
determined  as  follows:  The  per  cent  of  voids  in  the  crushed  rock 
was  found  to  be  40;  the  per  cent  of  voids  in  the  sand  was  found 
to  be  30,  giving  12  per  cent  for  cement.  Dividing  by  12  we  have  i 
cubic  foot  of  cement  to  3^3  cubic  feet  of  sand  to  Sys  cubic  feet  of 
crushed  rock;  and  reducing  the  crushed  rock  10  per  cent  to  in- 
sure a  good  mixture,  we  have  i  cubic  foot  of  cement  to  3^3  cubic 
feet  of  sand  to  yyi  cubic  feet  of  rock.  As  one  sack  of  cement,  95 
lbs.,  contains  9-10  of  a  cubic  foot,  we  have  by  multiplication  one 
sack  of  cement  to  3  cubic  feet  of  sand  to  63/^  cubic  feet  of  rock. 
The  concrete  was  mixed  in  batches  of  3  sacks  of  cement  to  9  cubic 
feet  of  sand  to  2oj^  cubic  feet  of  rock.  The  sand  and  crushed 
rock  were  measured  out  separately,  the  sand  and  cement  being 
mixed  together  dry.  The  whole  was  shoveled  int^o  a  pile,  the  rock 
being  well  wet,  then  shoveled  over  again  and  then  shoveled  into 
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wheelbarrows  and  taken  to  the  work.  The  cement  coat  was  mixed 
I  part  cement  to  2%  parts  sand.  It  was  spread  and  worked 
smooth  with  the  trowel. 

The -concrete  work  cost  per  cubic  yard  in  place  $5.38,  as  fol- 
lows: 

Medium  crushed  rock.  0.857  cubic  yard,  at  $2.17  per  cubic  yard,  delivered.  .$1.86 

American  Portland  cement,  0.856  bbl.,  at  $2.50  per  bbl.,  delivered 2. 14 

Sand,  10. z  bushels,  at  100  tbs  per  bush.,  at  ^}i  cents,  delivered o  58 

For  labor,  mixing  concrete,  putting  in  place,  etc.,  at  19  cents  per  hour 0.80 

Total  cost  per  cubic  yard  of  concrete  in  place ^5-38 

The  crushed  rock  cost,  delivered  on  the  work,  I2.17  per  cubic 
yard  of  2,500  pounds.  The  sand  cost  delivered,  5^  cents  per 
bushel  of  100  pounds.  The  Portland  cement  cost  $2. 50  per  barrel, 
or  62  J4  cents  per  sack.  The  mortar  for  the  brick  work  was  mixed 
one  part  cement  to  two  and  one-quarter  parts  sand.  Each  course 
of  brick  was  laid  and  then  grouted  to  secure  a  tight  wall.  The  in- 
side and  outside  of  the  wall  were  plastered  with  a  '^-inch  Portland 
cement  coat.  Number  one  paving  brick  were  used  throughout  the 
work,  and  the  cost  per  cubic  foot  of  brick  masonry  in  place  was 
31  1-5  cents.  The  paving  brick  cost  $6.50  per  thousand  delivered 
on  the  work. 

The  bottom  of  the  reservoir  has  a  slope  of  ten  inches  to  the 
center  from  which  leads  out  a  6-inch  cast  iron  pipe  to  the  imall 
drainage  well  some  36  feet  distant  from  the  reservoir.  A  6-inch 
gate  valve  is  placed  on  the  end  of  this  pipe  in  the  drainage  well. 
The  receiving  well  is  also  connected  in  a  similar  manner  to  the 
drainage  well,  and  from  the  drainage  well  is  laid  a  lo-inch  drain 
having  a  fall  of  12  inches  to  the  creek  some  200  feet  distant.  By 
the  arrangement  of  these  pipes  and  valves  it  becomes  an  easy  mat- 
ter to  hold  a  supply  of  water  in  storage  in  one  well  while  the  other 
is  cleaned  and  washed  out.  There  is  also  an  overflow  pipe  lead- 
ing from  the  receiving  well  to  the  drainage  well.  The  drain  was 
laid  first  and  used  during  the  construction  and  excavation  of  the 
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reservoir,  and  by  means  of  a  sump  at  its  inlet  the  water  was  bailed 
out  from  time  to  time  as  the  reservoir  was  built. 

The  first  footing  course  of  the  reservoir  wall  was  bnilt  of  con- 
crete. It  is  40  inches  in  thickness,  12  inches  in  height,  .and  sets 
on  the  finished  bottom  of  the  reservoir  which  projects  11  inches 
beyond  it  on  the  back.  The  second  course,  or  footing,  is  33  inches 
in  thickness  and  12  inches  in  height.  On  the  top  of  this  footing 
begins  the  brick  wall  which  is  igjz  inches  in  thickness  finishing  at 
the  top  to  13  inches  in  thickness  under  the  coping.  This  coping 
is  17  inches  wide,  6  inches  thick,  and  is  made  of  concrete  marked 
off  into  blocks  6  feet  in  length.  There  are  20  pilasters  in  the  brick 
wall  20  feet  between  centers,  the  pilasters  being  51  inches  in  width 
and  29 12  inches  in  thickness  from  bottom  to  top  of  wall,  excepting 
13  inches  below  the  coping,  where  they  are  21^^  inches  in  thick- 
ness. 

The  reservoir  holds  1,137,000  gallons  of  water.  It  is  built  7 
feet  in  the  ground  and  6  feet  above  and  cost  complete  $7,906.36. 
The  power  to  run  the  machinery  at  the  pumping  station  is  fur- 
nished by  two  70  horse  power  tubular  boilers.  The  cost  of  coal 
(mine  run)  delivered  at  the  station  is  I1.61 '4  per  ton  of  2,000  lbs., 
or  6  45-100  cents  per  bushel  of  So  lbs.  The  average  cost  for  coal 
taken  for  the  last  six  months  is  $134.31  per  month.  The  City  em- 
ploys two  pumping  engineers,  one  for  day  and  the  other  for  night 
service,  their  salary  being  $60  per  month  each. 

Located  on  the  City  lot  near  the  City  building  is  the  standpipe. 
This  consists  of  a  tank  40  feet  high  and  12  feet  in  diameter,  set  on 
a  brick  base  60  feet  above  the  ground.  It  holds  28,000  gallons  of 
water  and  gives  44  pounds  pressure  to  the  City.  The  City  now 
has  laid  in  its  streets  over  12  miles  of  water  mains,  ranging  in  size 
from  4  to  12  inches  with  113  fire  hydrants.  An  ample  supply  of 
water  is  now  assured  for  six  or  eight  years  to  come,  when  it  may 
be  necessary  to  put  down  a  second  Artesian  well. 
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Perhaps  the  cost  of  the  following  items  may  be  of  interest: 

Cost  of  the  Artetian  well  complete,  drilling,  piping,  etc $  4,371.27 

Laying  water  mains,  and  material  to  connect  to  City  service 1,814.71 

Knowles  pump,  setting  up.  etc  ,  and  boiler  foundation 522.98 

New  70  HP.  boiler,  14  feet  by  60  inches,  with  54  3^ -inch  flues 607.00 

New  Knowles  pump 854- " 

Material,  pipe  fitting,  valves,  etc 417-56 

New  bnildings 607.91 

i  0.195-53 

In  1900  the  following  additions  were  made: 

Receiving  well,  with  building  over  same I  1.628.99 

New  air  compressor,  foundation,  room,  setting  up,  etc 4.068.39 

Piping  and  fitting  up  Artesian  well  for  the  Air  Lift 336.39 

Connecting  the  two  pumps  to  the  receiving  well,  laying  the  16-inch  pipe 

to  the  reservoir,  with  gate  valve 334-38 

New  boiler,  with  foundation,  stack,  connecting  up,  etc i>375-i7 

New  feed  water  heater,  and  connecting  exhaust  pipes,  etc 232.05 

Moving  down  and  setting  up  the  Worthington  pump iS3- " 

New  coal  room,  built  addition  to  building 102.40 

New  stack  for  boiler,  and  painting  same i50-99 

Laying  drain  from  drainage  well  to  the  creek 107. 14 

♦  8.489.55 

In  1901  the  reservoir  was  built,  costing  complete 7.906.36 

Making  the  total  cost  for  the  Avenue  D  plant $25,591.44 
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REPORT  OF  COMMITTEE  ON  WATER  WORKS. 


Very  few  cities  or  villages  in  the  State  of  Illinois  having  a  pop- 
ulation of  more  than  2,000  arc  not  provided  at  present  with  a 
water  works  system;  and,  in  fact,  many  villages  with  a  much 
smaller  population  have  constructed  water  works.  However,  the 
activity  in  water  works  construction  throughout  the  State  still  con- 
tinues. The  growth  in  population  in  most  of  the  municipalities  of 
the  State  has  created  demands  for  additional  water  supplies, 
pumping  capacity,  extension  of  the  mains,  and  various  other  im- 
provements. The  growth  in  population  and  the  extension  of  sew- 
ers have  also  caused  increased  pollution  in  the  surface  water  sup- 
plies; and  in  many  cases  surface  supplies  which  have  been  heretofore 
satisfactory  have  become  so  contaminated  as  to  make  them  dan- 
gerous to  the  health  of  the  communities  depending  on  such  sources 
for  their  supplies. 

Few  of  the  larger  cities  of  the  State  have  water  supplies  of 
suitable  quality  and  of  ample  quantity  Springfield,  Bloomington, 
Joliet,  La  Salle  and  Moline  and  various  other  cities  of  smaller 
size  are  contemplating  improvements  in  the  source  of  supply.  In 
most  cases  this  is  a  question  of  both  additional  quantity  and  better 
quality,  while  in  others  the  question  of   purification   is  paramount. 

Until  within  a  comparatively  recent  period  the  question  of 
water  purification  was  not  considered  a  very  important  one  in  most 
of  the  cities  of  the  State,  but  the  bad  condition  of  many  of  the 
water  supplies  has  now  made  it  an  important  matter  worthy  of  the 
most  careful  attention  of  engineers. 

In  improving  old  water  supplies  and  in  seeking  new  ones  it  is 
important  that  the  engineer  should  keep  fully  in  mind  the  growth 
in  population  of  the  communities  to  be  supplied  and  the  future 
difficulties   to    be   encountered  in    maintaining  the  quantity  and 
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purity  of  supply.  The  extravagant  use  of  water  in  many  of  our 
municipalities  has  become  a  most  important  consideration.  Two 
hundred  gallons  per  capita  and  more  has  become  a  not  uncommon 
rate  of  consumption.  Such  a  consumption  can  not  but  be  regarded 
as  most  extravagant  and  wasteful.  The  majority  of  English  and 
Continental  cities  are  maintaining  a  consumption  of  less  than  fifty 
gallons  per  capita,  and  many  of  the  cities  of  our  own  country  are 
not  exceeding  this  amount.  It  is  obvious  that  the  use  of  such  ab- 
normally high  quantities  of  water  should  be  very  carefully  scrutinized 
and  every  effort  made  to  decrease  the  consumption  to  a  reasonable 
rate.  In  the  management  of  water  works,  therefore,  the  use  of 
reliable  meters  and  of  careful  inspection  is  most  essential.  One 
hundred  gallons  per  capita,  even  under  present  methods  of  man- 
agement, should  be  a  maximum  limit  and  careful  inspection  and 
the  aid  of  meters  should  materially  reduce  this. 

In  the  selection  of  water  supplies  it  should  be  understood  that 
a  water  supply  which  is  UTipolluted  and  which  from  its  nature  can- 
not become  polluted  is  always  the  most  desirable,  other  things 
being  equal. 

The  purification  of  a  polluted  water  supply  is  a  most  difficult 
matter,  and  requires  for  its  fulfillment  careful  and  continuous  ex- 
pert supervision.  If  a  pure  supply  which  is  beyond  the  reach  of 
contamination  can,  by  any  reasonable  means,  be  developed  and 
maintained  it  should  ever  be  the  choice  for  a  community. 

In  purification  works  careful  design  and  careful  construction, 
while  essential  elements,  are  really  of  secondary  importance  in 
comparison  with  careful  supervision.  No  care  in  design  of  purifi- 
cation works  will  assure  their  proper  operation;  and  a  lapse  of  vig- 
ilance in  the  operation  of  such  works,  may  result  in  an  impure 
water-supply  which  may  bring  sickness  and  death  to  a  community. 
The  personal  equation  of  operation  should  always  be  a  prime  factor 
in  the  design  of  an  engineering  structure,  especially  in  such  as  may 
influence  the  health  of  the  community. 

In  financial  matters  the  municipalities  of  the  State  are  unfor- 
tunately handicapped  by  the  constitutional  bonding  limit  of  5  per 
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cent  of  the  assessed  valuation  of  the  property  within  a  munici- 
pality. The  additional  levy  for  running  expenses  of  2  per  cent  is 
found  in  most  communities  not  more  than  sufficient  to  cover  the 
annual  expenses  of  the  city.  With  very  few  exceptions  our  cities 
are  already  bonded  to  the  limit  for  the  construction  of  water  works, 
electric  light  plants,  and  sewerage  works;  and  they  are,  therefore, 
unable  to  meet  the  requirements  for  improvements  which  the 
growth  of  the  cities  seem  to  make  almost  indispensable.  The 
difficulty  arises  from  the  fact  that  the  assessed  valuation  is  i\ot  the 
actual  valuation,  the  5  per  cent  bonding  capacity  being  based  on 
about  one-fifth  of  the  actual  valuation  of  property  within  the  mu- 
nicipalities, and  is,  therefore,  really  i  per  cent  instead  of  5  per 
cent. 

In  1899,  the  Legislature  passed  a  law  permitting  cities  to  issue 
water  certificates  payable  out  of  the  income  of  the  water  works. 
With  these  certificates  the  cities  were  to  pay  for  the  cost  of  im- 
provements to  the  water  works  system.  The  Supreme  Court,  how- 
ever, has  recently  decided,  in  the  case  of  the  City  of  Joliet,  that 
such  water  certificates  are  a  city  debt  and  must  be  considered  as 
coming  under  the  5  per  cent  limitation,  at  least  under  conditions 
similar  to  those  at  Joliet  where  the  city  already  owns  the  water 
works  plant,  and  is  enjoying  at  present  an  income  from  the  water 
works  system.  It  is  quite  possible  that  in  cases  where  a  munici- 
pality is  not  already  the  owner  of  the  system  of  water  works  and 
such  certificates  are  issued  against  the  income  of  a  new  works,  or 
a  water  works  to  be  purchased,  the  Supreme  Court  would  decide 
otherwise.  In  such  cases  the  municipality  would  create  a  debt, 
but  at  the  same  time  provide  a  method  of  paying  apart  from  the 
source  of  income  already  possessed  by  the  city.  In  other  States 
the  Supreme  Courts  have  decided  that  under  such  conditions  a 
debt  is  not  to  be  considered  as  a  debt  against  the  municipality; 
and  it  would  not,  therefore,  be  controlled  by  the  bond  limit.  It 
was  believed  by  those  originating  the  law  of  1899  that  the  law  pro- 
vided a  way  of  avoiding  the  5  per  cent  bond  limitation,  but  the 
Supreme  Court  has  decided  otherwise. 
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It  is  most  important  that  some  method  be  devised  for  permit- 
ting cities  to  make  such  improvements  in  their  water  supply  sys- 
tems as  will  effectually  protect  the  lives  and  health  of  the  com- 
munity. It  is  probably  impossible  to  effect  a  constitutional  change 
which  would  permit  an  increase  in  municipal  indebtedness;  for  the 
need  of  such  increase  is  only  felt  in  the  larger  and  more  thickly 
settled  communities.  However,  some  means  of  accomplishing  this 
seems  to  be  at  present  one  of  the   most  essential  requirements  of 

our  lafger  municipalities. 

Daniel  W.  Mead, 

Chairman. 
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REPORT  OF  THE  COMMITTEE  ON  SEWERS. 


Sewer  work  in  Illinois  is  proceeding  with  more  intelligence 
and  good  judgment  the  past  few  years  than  ever  before.  The  pro- 
portion of  cities  which  have  no  respect  for  the  sanitary  problems 
involved  in  a  new  sewer  system  is  growing  steadily  smaller  each 
year,  and  comparatively  few  independent  sewers  are  being  con- 
structed without  the  careful  consideration  of  a  well  defined  general 
plan  drawn  by  a  competent  sanitary  engineer. 

The  importance  of  the  proper  disposal  of  the  sewage  when 
once  collected  is  a  problem  which  is  receiving  much  more  atten- 
tion than  formerly.  Nearly  all  the  modern  methods  of  sewage 
purification  require  a  few  feet  available  fall  at  the  outlet  of  the 
main  sewer  and  the  location  of  the  outlet  of  the  sewer  system  must 
be  at  some  point  where  purification  works  may  be  advantageously 
located.  These  facts  make  it  necessary  for  an  engineer  to  be 
familiar  not  only  with  the  Laws  of  Hydraulics  and  flow  in  sewers 
in  order  to  intelligently  design  a  sewer  system,  but  he  must  also 
add  to  this  knowledge  a  thorough  understanding  of  the  different 
methods  of  purification,  in  order  that  the  main  outlet  maybe  prop- 
erly located.  Most  small  cities  are  requiring  that  purification 
plants  shall  be  considered,  even  though  they  have  no  present  in- 
tention of  building  thenpbut  deem  it  necessary  that  they  should  be 
designed  in  order  that  no  mistakes  may  be  made  in  the  light  of 
the  present  state  of  the  art. 

In  the  matter  of  independent  sewer  construction,  mention  may 
be  made  of  the  very  large  intercepting  sewers  now  under  way  in 
Chicago  to  divert  the  sewage  from  the  lake  and  empty  it  into  the 
drainage  channel.  The  largest  of  these  is  the  39th  street  conduit, 
which  is  20  feet  in  diameter.  It  is  being  built  beneath  a  busy 
street  largely  as  a  tunnel  with  compressed   air  and   the  use  of  a 
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shield.  It  is  about  one-half  completed.  A  very  large  intercepting 
sewer,  14  feet  in  diameter,  is  being  constructed  south  along  the 
Lake  shore  from  the  Lake  end  of  the  39th  street  conduit,  to  take 
up  the  outflow  from  the  main  sewers  of  that  part  of  the  city.  This 
work  is  being  done  by  day  labor  under  the  supervision  of  the  engi- 
neer in  charge.  Special  machinery  is  employed  and  some  very 
interesting  problems  are  encountered.  These  sewers  are  enlirjely 
below  the  level  of  the  Lake.  A  similar  system  is  under  construc- 
tion on  the  North  side  of  the  city,  the  conduit  being  located  on 
Lawrence  avenue  and  leading  from  the  Lake  to  the  River. 

During  the  past  year,  so  far  as  known  to  your  Committee,  four 
Illinois  cities  have  adopted  and  constructed  septic  tanks  as  part  of 
their  projected  or  completed  disposal  plant.  These  are  Lake 
Forest,  Lake  County,  population  2,500,  capacity  of  tank  45,000 
gallons. 

Princeton,  Bureau  County,  population  4,023,  capacity  40,000 
gallons. 

La  Grange,  Cook  County,  population  3,969,  capacity  of  tank 
about  100,000  gallons. 

Glencoe,  Cook  County,  population  1,020,  capacity  about 
25,000  gallons. 

Cooiplete  purification  plants  have  been  installed  in  Illinois 
during  the  past  year  at  Glencoe,  Cook  County,  and  Lake  Forest, 
Lake  County.  At  the  former  place  the  septic  tank  followed  by 
double  contact  beds  has  been  installed,  while  at  Lake  Forest  sep- 
tic tank  followed  by  automatic  intermittent  filtration  has  been  put 
into  operation.  Both  plants  are  interesting  types  and  appear  to 
be  succestful. 

Your  Committee  has  not  been  able  to  gather  statistics  of  new 
sewer  systems  constructed  in  the  State  with  sufficient  complete- 
ness to  warrant  publication.  Several  new  systems  have  been  de- 
signed and  at  least  two  systems  constructed  during  the  year  in  the 
State. 
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The  Committee  note  the  increasing  use  of  double  strength  tile 
pipe  for  sizes  over  12-inch.  Some  years  ago  this  Society,  through 
its  Committee  on  Tests  of  Sewer  Pipe,  called  attention  to  the  in- 
adequate strength  of  standard  sewer  pipe  above  the  size  of  12-inch. 
It  was^hen  estimated  that  with  the  pipe  supporting  all  of  the  earth 
above  it,  the  earth  being  water-soaked  and  computed  as  weighing 
no  lbs.  per  cubic  foot,  pipe  for  depths  up  to  20  feet  would  re- 
quire, with  a  factor  of  safety  of  two,  the  following  strength: 

3-inch ii500  15-inch 9,000 

4-inch 2,000  18-inch 10,000 

6-inch 3,000  20-inch 11,000 

8-inch 4,000  24-inch 14,000 

lo-inch 5,000  30-inch 19,000 

12-inch 7,000 

This  table  must  be  reduced  for  the  friction  of  eatth  along  the 
sides  of  the  trench  and  the  resulting  transference  of  pressure,  a 
factor  impossible  to  estimate;  yet  it  will  be  seen  that  the  larger 
sizes  are  proportionately  far  weaker  than  are  the  smaller  sizes. 

Prof.  M.  A.  Howe,  of  the  Rose  Polytechnic  Institute,  made 
uniform  tests  some  years  ago,  the  results  of  which  are  as  follows: 

Average  of  5  results  for    4-inch  pipe 17,300  lbs. 

*'         8  "  6-inch  pipe 12,000   ** 

*'         5  '*  8-inch  pipe 5,900   " 

'*         6  **  lo-inch  pipe 4,600   *' 

**         2  '*         12-inch  pipe 5,000   ** 


Other  tests  have  been  made  lately  and  the  net  result  has  been 
to  increase  the  confidence  of  engineers  that  double  strength  pipe 
for  deep  cuts  and  large  sizes  is  a  wise  precaution. 

J.  W.  Alvord, 
G.  W.  Chandler, 
H.  E.  Beasley. 
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DISCUSSION. 

Mr.  J.  W.  Alvord:  The  present  sizes  of  pipes  have  stood 
under  very  adverse  conditions  but  there  have  been  some  notable 
failures.  The  matter  depends  entirely  upon  the  unknown  trans- 
ference of  pressure.  In  some  soils  this  transference  is  very  large, 
in  others  very  small.  The  speaker  remembers  the  failure  of  half  a 
mile  of  18-inch  pipe  laid  in  a  trench  12  feet  deep.  This  wa*s  in 
clay  soil  and  the  trench  was  filled  in  freezing  weather  so  that  nearly 
all  the  weight  of  the  material  above  came  on  the  pipe. 
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THE  PURIFICATION  OF  SEWAGE. 


BY    W.   S.    SHIELDS. 


So  much  has  been  said  recently  on  the  subject  of  Sewage 
Purification  that  it  is  difficult  to  discuss  it  without  repeating  what 
is  already  well  known  among  those  who  have  given  the  subject  a 
close  study.  The  author  will,  therefore,  be  content  to  add  to  this 
general  knowledge  such  data  and  ideas  as  he  has  gathered  from  an 
experience  he  has  obtained  through  a  close  connection  with  the 
design  and  construction  of  several  plants,  with  a  hope  of  bringing 
out  such  discussion  and  comments  as  may  result  in  benefit  to  our 
knowledge  of  this  subject. 

The  first  year  of  the  new  century  has  established  the  fact  that 
the  septic  tank  has  passed  the  experimental  stage  and  is  now  a 
fixed  and  important  principle  in  the  purification  of  sewage  and 
while  we  have  much  to  learn  regarding  its  use  and  managements 
its  function  is  recognized  and  its  principles  are  fixed.  The  septic 
tank  has  come  to  stay. 

In  accepting  the  septic  tank  as  a  natural  means  for  the  purifi- 
cation of  sewage  we  must  not  expect  too  much  of  it;  it  is  not  a 
complete  process  in  itself,  but  a  preparatory  step  and  must  be  fol- 
lowed by  other  agents  which  will  furnish  sufficient  oxygen  to  oxi- 
dize the  remaining  ammonias  and  organic  matter  in  solution. 
Examples  are  becoming  too  numerous  where  engineers  and  city 
officials  have  built  tanks  of  this  character,  copied  in  many  instances 
from  successful  plants  and  placed  then,  without  alteration,  into 
systems  which  varied  widely  from  the  original  system  in  conditions 
and  character  of  sewage.  They  are,  of  course,  very  much  disap- 
pointed to  find  that  they  do  not  work  well  and  the  odors  are  very 
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bad.  This,  however,  is  but  natural,  and  it  will  continue  until  the 
public  can  recognize  that  there  is  science  even  in  this  humble  art, 
and  that  skill  and  experience  are  essential  even  to  the  proper  dis- 
posal of  their  own  filth  refuse. 

The  septic  tank  has  yet  some  elements  of  uncertainty  and  only 
time  and  usage  will  enable  us  to  study  it  thoroughly.  The  skill  of 
the  cheilfist  and  bacteriologist,  as  well  as  the  engineer,  must  be 
employed  to  discover  its  best  arrangement,  the  time  of  passage  or 
fermentation  and  the  conditions  which  will  produce  greatest  reduc- 
tion of  sludge  and  least  odors. 

It  is  doubtful  if  there  is  much  merit  in  the  submerged  inlet 
and  outlet;  in  fact,  our  best  results  have  been  with  the  inlets  at  the 
surface,  or  the  center  of  the  inlet  pipe  at  the  water  line  of  the  tank 
with  bafHe  boards  some  three  feet  in  front  to  spread  and  direct  the 
flow  downward.  The  outlet  generally  consists  of  a  wide  weir  pro- 
tected by  another  bafHe  board;  and  in  some  of  the  flexible  tanks 
where  the  flow  is  made  to  pass  through  several  long  and  narrow 
compartments,  the  baffle  board  is  omitted  entirely  without  any  ap- 
parent bad  results. 

It  is  also  doubtful  if  the  air  tight  tank  has  any  advantages, 
either  in  increased  efficiency  or  in  the  prevention  of  odors.  Com- 
parison of  effluents,  so  far  as  the  sense  can  detect,  does  not  favor 
the  tight  tank,  but  rather  of  a  freely  ventilated  yet  warmly  con- 
structed building  over  the  tanks  where  the  gases  can  readily  be 
diffused  into  the  air  as  they  are  thrown  off.  The  practice  of  the 
writer's  firm  is  to  recommend  masonry  tanks  with  interior  divisions 
for  regulating  different  time  of  passage;  this  is  covered  with  a  low 
brick  building  with  walls  about  six  feet  high  with  a  wood  gable 
roof  finished  with  good  quality  of  felt  roofing;  a  door  in  each  end, 
a  few  windows  for  light,  and  good-sized  ventilators  in  each  gable 
for  ventilation.  Without  such  ventilators  the  woodwork  soon  be- 
comes saturated  with  dampness  and  decays  very  rapidly.  This 
form  of  construction  is  not  unsightly;  it  gives  full  access  to  the  en- 
tire tank  and  where  the  final  treatment  requires  a  distributing  tank 
it  can  readily  be  placed  in  the  same  building. 
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While  the  tank  alone  must  be  depended  upon  for  the  septic 
treatment,  there  is  a  wide  range  in  the  methods  and  materials 
which  the  engineer  may  select  in  his  design  for  works  to  further 
complete  the  work  of  the  tank.  The  object  being  to  furnish  suffi- 
cient oxygen  to  ari;est  the  septic  action,  consume  the  ammonias, 
and  oxidize  the  organic  matters  in  the  effluent.  This  may  be  done 
by  dilution  with  sufficient  running  water;  by  carrying  it  a9tifficient 
distance  through  wide  shallow  channels;  by  broad  irrigation  on 
land;  by  intermittent  filtration  through  beds  of  sand,  broken  stone, 
cinder  or  other  available  materials;  by  contact  beds,  either  single 
or  double;  or  by  some  of  the  numerous  forms  of  continuous  or  in- 
termittent filters  of  peculiar  and  special  construction. 

So  wide  a  range  is  there  in  this  form  of  construction  that  there 
are  but  few  localities  or  conditions  found  which  do  not  afford  some 
means  for  economical  construction;  and  yet  without  an  intimate 
knowledge  of  all  details  of  the  subject  and  the  value  of  the  various 
materials  as  filtering  mediums,  there  is  great  danger  of  failure  and 
a  useless  expenditure  of  money.  The  author  thinks  many  engineers 
and  officials  are  attaching  too  much  weight  to  the  English  practice. 
The  many  conditions  of  climate  and  sewage  strength  may  vary 
greatly  in  this  country  from  English  conditions,  and  frdm  this  cause 
there  will  be  recorded  within  the  next  few  years  some  failures;  and 
yet  even  these  must  need  be  that  we  may  the  better  learn.  In  the 
construction  of  works  for  the  purification  of  septic  tank  efHuent 
the  efforts  of  the  next  few  years  will  be  to  some  degree  experi- 
mental. The  simplest  and  nearest  to  nature's  fixed  formula  will 
win  a  place  in  common  practice.  Some  methods  will  be  found  to 
be  adapted  to  special  conditions,  while  others  will  be  rejected  and 
the  plants  revised  into  other  forms  of  treatment. 

Experience  has  demonstrated  that  contact  beds,  when  prop- 
erly controlled  and  managed,  will  produce  good  results;  but  there 
is  danger  of  their  falling  into  discredit  for  lack  of  proper  ancj 
skilled  care.  The  necessity  for  regularity  of  filling  and  emptying 
by  manual  labor  is  a  serious  disadvantage  and  but  few  automatic 
devices  can  be  found  in  the  market  which  have  proved  successful 
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in  continued  service.  The  great  expense  of  building  water-tight 
tanks  for  contact  beds  is  another  serious  item,  especially  through- 
out our  Western  States  where  so  many  of  our  cities  are  well  up  to 
their  bonded  limit  of  indebtedness.  In  many  instances  their  cost 
prohibits  their  use,  even  when  conditions  are  favorable.  The 
single  contact  beds,  while  they  do  not  give  results  equal  to  the 
double,  are  open  to  the  same  objections  unless  the  plants  now 
nearing  completion  where  the  beds  are  built  in  natural  earth  exca- 
vation prove  successful;  even  then  it  is  a  question  whether  better 
results  cannot  be  secured  by  covering  their  surface  with  a  layer  of 
sand  and  using  them  as  intermittent  filters. 

Of  specially  constructed  aerating  filters  there  is  no  end;  and, 
with  the  exception  of  the  cases  where  forced  aeration  is  secured, 
the  practice  is  somewhat  experimental,  and  only  long  continued 
successful  results  will  demonstrate  their  efficiency  and  durability. 

The  author  has  had  some  interesting  experience  during  the 
last  year  with  two  plants  in  which  loc.al  conditions  made  the  septic 
tank  followed  by  intermittent  sand- filtration  the  most  economical 
method  to  adopt.  Being  granted  considerable  latitude  (except  as 
to  cost)  as  to  the  carrying  out  of  the  plans,  it  was  possible  in  both 
cases  to  produce  a  very  satisfactory  effluent,  and  at  an  extremely 
low  cost  for  construction. 

At  Wauwatosa,  Wis.,  a  plant  has  been  in  operation  since  Sep- 
tember ist,  purifying  100,000  gallons  of  sewage  per  day,  with  prac- 
tically no  cost  of  operation.  It  has  received,  however,  a  visit  of 
sometimes  once  a  week,  and  often  twice  a  week  from  the  Superin- 
tendent of  Public  Works,  a  gentleman  of  high  mechanical  ability. 
His  inspection  consists  of  recording  the  number  of  fillings  recorded 
by  the  counter,  temperature,  etc.,  in  extreme  weather.  He  spends, 
perhaps,  from  a  quarter  to  a  half  hour  each  visit  at  the  plant. 
The  six  filter  beds  with  a  total  area  of  one-fourth*  acre  are  dosed  in 
rotation  by  means  of  a  dosing  tank  and  a  ball-syphon  device  which 
discharges  some  5,500  gallons  of  septic  tank  efHuent  at  a  dose  on 
each  bed  in  rotation.  This  device  has  operated  without  fault 
since  its  installation  and   through  weather  which  was  at  one  time 
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20  degrees  below  zero.  The  record  shows  that  at  one  visit  when 
the  temperature  was  -4  degrees  outside,  the  interior  of  septic  tanks 
was  -2  degrees;  the  water  at  both  entrance  and  discharge  of  the 
tank  was  48  degrees,  the  water  in  dosing  chamber  some  200  feet 
distant  from  the  septic  tank  was  47  degrees,  and  the  final  effluent 
at  outlet  to  river  44  degrees. 

At  no  time  during  a  week  of  extreme  cold  weather  did  the 
sand  beds  fail  to  work,  although  cakes  of  ice  six  or  eight  inches 
thick  formed  upon  their  surface.  The  interior  of  the  septic  tank 
was  covered  several  inches  deep  with  hoar  frost,  but  no  ice  formed 
upon  the  surface  of  the  tanks  except  in  one  unused  compartment. 
The  final  effluent  is  clear  and  sparkling.  The  cost  of  the  plants 
exclusive  of  the  land  was  $5,370. 

At  Lake  Forest,  Illinois,  the  only  available  site  for  a  plant 
was  a  narrow  sand  beach  between  a  high  clay  bluff  and  Lake  Mich- 
igan where  the  construction  of  piers  to  protect  property  from  the 
eroding  effect  of  the  waves  had  formed  a  triangular  beach  of  an 
acre  or  more  in  extent.  The  sand  being  already  in  position,  the 
same  scheme  was  adopted  as  at  Wauwatosa.  The  plant  consists  of 
a  septic  tank  and  dosing  chamber  in  one  building.  There  are  ten 
lo-inch  Miller  syphons  controlled  by  a  ball  device  and  discharging 
upon  ten  sand  beds  of  equal  size.  The  total  area  is  three-quarters 
of  an  acre.  The  surface  of  the  beds  is  some  seven  feet  above  the 
lake  level.  They  are  protected  from  wind  by  a  board  fence,  and 
from  the  seas  by  break  water  piers.  Owing  to  the  lateness  of  the 
season,  the  sand  beds  were  frozen  several  feet  in  depth  before 
sewage  was  turned  upon  them;  and,  while  good  results  have  been 
obtained  so  far,  the  frost  still  remains  in  part  and  causes  some 
trouble  and  annoyance.  This  would  not  have  occurred  had  the 
sewage  been  available  before  the  deep  freezing.  This  plant  has  a 
safe  capacity  of  250,000  gallons  of  sewage  per  day  and  was  built  at 
a  total  cost  of  (8,000  including  lake  shore  piers  and  other  protec- 
tions. Much  importance  in  both  plants  is  attached  to  regular  and 
intermittent  feeding  of  the  sewage  to  the  beds. 
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The  use  of  syphons  for  discharging  the  contents  of  the  dosing 
chamber  is  very  satisfactory  where  plenty  of  fall  is  available  for 
storage  or  heading  up,  but  it  is  impossible  in  many  cases  to  get 
the  requited  head  without  pumping.  This  fact  has  necessitated 
another  form  of  device  which  can  control  the  flow  without  loss  of 
head.  The  lo-inch  syphons  can  be  operated  with  18  inches  depth 
of  water  and  with  bottom  of  bells  12  inches  above  the  bottom  in- 
verts of  outlet  limb.  The  syphons  at  Wauwatosa  operating  under 
24-inch  head  discharge  5,500  gallons  in  yyi  minutes;  while  at  Lake 
Forest,  working  under  30-inch  head,  the  tank  was  emptied  of  8,000 
gallons  in  ten  minutes. 

Both  of  these  plants  will  receive  the  author's  care  and  atten- 
tion until  they  prove  themselves  able  to  continue  their  present 
efficiency  or.  develop  defects  which  will  be  studied  and  if  possible 
remedied. 

It  is  the  hope  of  the  people  along  the  Lake  shore  north  of 
Chicago  that  the  plants  at  Glencoe  and  Lake  Forest  may  demon- 
strate that  all  sewage  can  be  purified  before  being  allowed  to  enter 
the  Lake  from  which  their  water  supply  is  now  obtained;  and, 
unless  unforeseen  disaster  overtakes  these  plants,  they  will  demon- 
strate that  it  will  be  possible  for  the  cities  of  Evanston,  Wilmette, 
and  Winnetka  to  join  in  one  common  plant,  and  treat  the  sewage 
of  this  district  in  a  satisfactory  manner  at  one-fifth  the  cost  of  the 
proposed  open  water  way  to  connect  with  the  Sanitary  District  ol 
Chicago. 

One  very  essential  element  which  we  Western  engineers^ must 
contend  with  and  which  our  Eastern  brothers  do  not  fully  appre- 
ciate, is  the  limitation  of  funds  available  for  such  purposes  as  sew- 
age purification  in  the  great  majority  of  our  Western  cities.  Peo- 
ple in  Western  towns,  as  a  rule,  have  to  be  more  economical  than 
in  the  older  and  more  wealthy  Eastern  cities,  and  it  is  difficult  in 
this  section  of  the  country  to  raise  sufficient  money  to  carry  out 
such  improvements  as  are  found  necessary.  We  see  our  Eastern 
engineers  spending  anywhere  from  {40,000  upward  for  sewage 
purification  work  for  places  of  not  more  than  5,000  population, 
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while  we  for  Western  cities  of  even  greater  population  must  ac- 
complish the  same  results  within  a  sjnall  fraction  of  such  amounts. 
Our  work,  therefore,  appears  so  far  insignificant  and  pf  small  ac- 
count; our  consolation,  however,  must  be  in  the  fact  that  it  is  not 
the  engineer  who  expends  the  largest  sum  for  the  public  improve- 
ments who  displays  the  most  skill,  but  he  who  can  accomplish  the 
most  effective  results  for  the  amount  available  is  the  one,  perhaps, 
who  renders  truly  efficient  service. 

DISCUSSION. 

Mr.  J.  W.  Alvord:  There  are  a  number  of  patents  on  the 
septic  tank.  An  English  firm  claims  to  have  patents  on  the  whole 
principle.  They  have  threatened  the  speaker's  firm  with  suits  for 
using  such  tanks.  A  Boston  firm  also  claims  to  have  patents,  and 
they  write  letters  to  people  who  are  contemplating  to  use  this  sys- 
tem. There  are  also  patents  on  the  devices  for  rotating  the  sew- 
age on  the  filter  beds.  The  speaker's  firm  has  found  it  necessary 
to  patent  their  designs  to  keep  some  of  these  people  from  taking 
the  ideas  and  patenting  them  and  selling  them  back.  The  speak- 
er's firm  is  putting  in  septic  tanks  in  defiance  to  the  broad  patents; 
and,  although  they  have  put  in  sixteen  tanks,  they  have  had  no 
trouble. 

The  septic  tanks  have  been  in  use  in  this  country  so  short  a 
time  that  not  much  can  be  said  about  results.  One  of  the  tanks 
put  in  by  the  speaker's  firm  has  been  in  use  about  thiee  years, 
others  for  about  a  year.  In  none  of  these  cases  has  there  been  any 
complaint  about  odors  from  the  effiuent. 

A  working  theory  was  developed  from  the  oldest  tank  men- 
tioned above.  It  was  decided  that  every  particular  sewage  has  its 
fermentation  period.  There  is  a  certain  period  which  leaves  the 
sewage  in  the  best  state  for  secondary  purification.  If  sewage  re- 
mains in  the  tank  too  long,  poisons  are  developed  which  kill  oH 
the  bacteria  that  operate  in  the  tank,  or  at  least  impair  their  vital- 
ity for  a  time,  so  that  the  tank  rapidly  fills  with  organic  matter. 
This  is  yet  largely  a  theory;  it   was  developed  from   the  first  tank 
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built  by  the  speaker's  firm  and  he  feels  that  it  has  not  yet  been 
fully  substantiated.  This  fermentation  period  was  found  to  be 
much  shorter  than  used  in  England,  which  is  probably  due  to  the 
fact  that  English  sewage  is  much  stronger.  In  general  it  has  been 
found  by  the  speaker  that  periods  of  from  five  to  six  hours  are  suc- 
cessful with  sewage  such  as  he  has  encountered. 

In  case  the  sewage  is  very  much  different  from  that  for  which 
the  tank  is  designed  this  period  of  rest  is  much  different  from  that 
intended.  To  provide  against  this  the  speaker's  firm  has  intro- 
duced what  might  be  called  elastic  tanks.  These  tanks  are  made 
up  of  several  compartments  which  can  be  combined  so  as  to  keep 
the  time  of  flow  through  the  tank  constant. 

The  function  of  the  septic  tank  is  primarily  to  break  down 
suspended  matter  in  the  sewage  and  render  it  easier  to  purify  by 
filtration  or  secondary  purification.  The  work  of  the  septic  tank 
is  most  complete  when  the  sewage  is  freest  from  suspended  mat- 
ter. In  that  condition  it  is  capable  of  quick  and  easy  filtration. 
It  is  by  no  means  pure;  it  is  full  of  organic  matter.  If  there  is  no 
stream  into  which  it  can  be  discharged  and  diluted,  it  must  be 
purified  or  it  will  prove  a  great  nuisance. 

Prof.  A.  N.  Talhot:  It  is  the  opinion  of  engineers  generally 
who  have  looked  into  this  matter  that  no  one  need  fear  having  to 
pay  any  royalty  upon  any  patent  which  needs  to  be  used  in  the 
construction  and  operation  of  the  septic  tank.  The  only  patent, 
so  far,  which  it  would  be  necessary  to  use  is  some  siphon  or  in 
connection  with  the  secondary  purification,  some  rotating  device. 

The  interval  in  which  it  is  necessary  to  clean  the  septic  tank 
depends  on  the  size  of  the  tank,  the  amount  of  sewage  passing 
through  it,  and  whether  there  is  some  means  of  catching  the  silt 
and  sand  in  the  sewage  before  it  enters  the  tank. 

Of  course  there  is  a  great  deal  yet  unknown  in  sewage  piurifi- 
cation,  but  there  seems  to  be  some  misconception  among  the  pub- 
lic at  large  and  some  terms  are  at  present  used  rather  loosely.  It 
is  unfortunate  to  use  the  term  <<  period  of  rest  "  in  speaking  of  the 
relation  between  the  rate  of  flow  of  sewage  and  the  capacity  of  the 
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tank.  In  the  first  place  the  sewage  does  not  stay  in  the  tank  as 
long  as  the  capacity  rating  would  indicate,  since  there  is  consider- 
able depth  of  dead  water,  and  in  the  next  place  within  wide  limits 
the  time  of  passing  through  the  tank  makes  little  difference. 
There  is  ver^^  little  change  in  the  sewage  in  solution  in  passing 
through  the  tank.  The  time  of  passing  through  the  tank  may 
vary  considerably  without  affecting  the  proportion  of  matter  in  sus- 
pension retained  through  a  sedimentation  or  subsidence  action. 
The  matter  which  is  held  back  remains  in  the  tank  until  it  can  be 
acted  upon  by  the  bacteria  and  the  question  is  whether  there  is 
sufficient  surface  in  the  tank  to  allow  this  matter  to  be  reduced  by 
bacterial  action  and  not  be  covered  by  other  matter  coming  in  be- 
fore the  reduction  is  complete.  If  the  septic  tank  is  acting  very 
slowly  there  will  have  to  be  a  very  large  surface  capacity  in  order 
that  this  organic  matter  may  be  properly  changed  by  bacterial 
action.  As  tanks  have  about  the  same  depth,  the  surface  referred 
to  is  nearly  proportional  to  the  cubic  capacity  of  the  tank;  and 
hence  the  cubic  capacity  must  be  large  enough  to  allow  this  fer- 
mentation action  to  go  on.  While,  then,  a  septic  tank  must  be 
properly  proportioned,  the  use  of  this  term  *' period  of  rest '*  is 
somewhat  misleading. 

Mr.  W.  C.  Lemkn:  The  plant  at  Paris,  111.,  has  no  filter  bed 
and  the  speaker  understands  that  a  land  owner  adjacent  to  the 
stream  into  which  the  efHuent  is  discharged  threatened  with  a  law- 
suit if  he  were  damaged. 

Mr.  W.  G,  Potter:  In  one  place  the  speaker  knows  of  there 
is  likely  to  be  a  damage  suit  because  of  the  effluent  from  a  septic 
tank.  The  tank  was  built  from  plans  of  another  tank  designed  for 
another  purpose  altogether.  It  was  entirely  too  small  and  a  dam- 
age suit  will  be  instituted  if  filter  beds  are  not  added. 

As  to  suits  for  infringements  on  patents  of  the  septic  tank, 
the  speaker  knows  of  none.  Suits  have  been  threatened  but  none 
have  ever  materialized. 
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Copies  of  the  reports  of  these  Societies  have  been  sent  to  all 
members  in  good  standing. 

There  seems  to  have  been  some  difficulty  among  the  Societies 
of  the  country  during  the  year  in  the  matter  of  getting  out  reports. 
Most  of  them  could  not  be  obtained  until  quite  late  and  some  not 
at  all. 
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Ubrary  of  the  Engineering  Department  of  Cornell  University. 
Library  of  the  State  University  of  Ohio. 
Chicago  North  Side  Public  Library. 
Library  of  the  University  of  Minnesota. 
Library  of  Kansas  University. 
Library  of  State  Historical  Society  of  Wisconsin. 
Western  Society  of  Engineers. 
Library  of  Purdue  University. 
Montana  Society  of  Engineers. 
John  Crerar  Library. 

Civil  Engineers'  Club  of  Cleveland,  Ohio. 

Mr.    Gardner   T.    Swartz,    Secretary   State   Board  of    Health, 
Providence. 

Engineers*  Club  of  Philadelphia. 
U.  S.  Geological  Survey. 
Public  Library,  Cincinnati. 
University  of  Washington. 

Respectfully  submitted, 

A.     L.     KUEHN, 

Secretary-  Treasurer. 
January  24,  1902. 
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MEMBERSHIP. 

Members  are  urged  to  interest  their  friends  in  the  Society,  and 
invite  them  to  become  members.  Applications  for  membership  may 
be  made  to  the  Secretary  at  any  time. 

Members  receive  the  Proceedings  of  this  Society  and  also  of 
some  eight  or  ten  other  societies  of  engineers  and  surveyors. 

Entrance  fee  (to  be  sent  with  application) $3.00 

Annual  dues,  first  year 2.00 

Annual  dues,  each  year  after 4.00 


ADVERTISEMENTS. 

A  large  and  varied  list  of  advertisements  accompanies  this  re- 
port and  members  arc  asked  to  look  these  over,  as  being  interesting 
and  instructive  as  well  as  commercially  useful. 

In  writing  the  advertisers  for  information,  etc.,  please  mention 
that  you  have  seen  their  advertisements  in  the  Report  of  the  Illinois 
Society  of  Engineers  and  Surveyors. 
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interest  is  the  third-rail  electric  railway  to  Chicago,  the  only  railway 
of  its  kind  in  this  part  of  the  countr}^  and  one  of  the  very  few  in  the 
entire  country,  although  it  is  an  example  of  what  we  may  expect  in 
the  future.  Another  point  of  interest  is  the  new  Public  Library 
building,  the  special  engineering  feature  of  this  being  in  the  founda- 
tion, which  consists  of  concrete  piles.  These  are  now  hidden  out  of 
sight,  and  may  not  seem  of  much  importance  to  the  general  public. 
To  engineers,  however,  this  construction  is  of  great  interest,  both 
for  its  novelty  and  its  practical  impwrtance.  The  city's  water  works, 
its  manufacturing  plants,  and  the  railway  shops  are  other  points  of 
technical  interest. 

You  may  perhaps  ask,  Mr.  Mayor,  who  and  what  are  the  mem- 
bers of  the  Illinois  Society  of  Engineers  and  Surveyors.  They  are 
civil  engineers,  some  in  public  office  as  city  engineers,  etc.,  and  others 
in  private  practice.  They  are  the  men  who  plan  and  design  water 
supply  systems,  city  sewerage  and  sewage  disposal  works,  drainage 
works,  and  the  development  of  water  power.  They  build  the  railways 
and  canals,  the>'  build  the  street  railways,  they  lay  out  and  pave  the 
streets,  they  survey  the  lands  and  properties,  and  they  design  bridges, 
foundations  and  buildings.  In  fact,  they  design  and  supervise  almost 
every  kind  of  construction  work  for  the  comfort  and  convenience  of 
mankind.  Many  of  our  members  are  graduates  of,  and  some  of  them 
are  professors  at,  the  State  University  of  Illinois. 

I  will  not  take  up  more  time  with  this  impromptu  speech,  after 
these  few  words  as  to  your  city  and  our  Society.  In  the  name  of  the 
Illinois  Society  of  Engineers  and  Surveyors  I  beg  to  thank  you,  Mr. 
Mayor,  for  the  w^elcome  you  have  given  us  to  this  city. 

President :  One  of  the  duties  of  the  President  is  to  prepare  what 
is  called  an  annual  address,  and  in  pursuance  of  this  duty  I  will  now 
proceed  to  deliver  the  address. 

After  the  President's  address,  the  report  of  the  Committee  on 
Surveying  was  presented  by  Mr.  W.  M.  Hay,  and  this  was  followed 
by  a  general  discussion. 

A  paper  on  ''The  Real  Estate  Records  of  a  Great  Railway  Sys- 
tem" was  then  read  by  Mr.  H.  I.  Or  wig. 

This  was  followed  by  a  discussion  on  plats  of  surveys  to  accom- 
pany building  plans  in  towns  and  cities. 

A  paper  on  "The  Duties  of  the  Consulting  Engineer  of  the 
Illinois  Railroad  Commission,"  by  Mr.  Frank  P.  Ewald,  was  next 
read  by  Mr.  E.  E.  R.  Tratman,  in  the  absence  of  the  author.  It  led 
to  an  interesting  discussion,  j>articularly  on  the  question  of  eliminat- 
ing the  grade  crossings  of  electric  and  steam  railways.  On  motion 
of  Mr.  J.  M.  McNabb,  the  Chair  appointed  Mr.  J.  G.  Melluish  as  a 
committee  of  one  to  prepare  a  resolution  covering  the  question  of 
additional  legislation  on  this  subject,  to  be  presented  later  on  in  the 
proceedings. 
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machine,  boiler  and  car  shops,  and  finally  the  laboratory.  He  also 
showed  them  the  dynamometer  car  and  explained  the  apparatus  with 
which  it  is  equipped,  as  described  in  a  paper  read  by  him  at  the 
meeting. 

January  22^  1903.    Evening  Session. 

The  meeting  was  called  to  order  by  the  President,  at  8  o'clock. 

The  following  resolution  was  submitted  by  Mr.  J.  G.  Melluish, 
relating  to  the  discussion  on  grade  crossings  at  the  afternoon  session 
of  the  previous  day  : 

RESOLUTION  I     GRADE  CROSSINGS. 

It  is  Resolved  by  the  Illinois  Society  of  Engineers  and  Surveyors  at  its 
eighteenth  annual  meeting,  in  Aurora,  111.,  January  2.^.  1903 : 

That  it  recommends  to  the  Legislature  of  this  State  an  amendment  of 
Section  114,  Paragraph  156  (Starr  and  Curtis  revised  statutes),  which  shall 
give  the  Railroad  and  Warehouse  Commission  power  to  enforce  the  elimina- 
tion of  crossings  at  grade,  both  of  existing  and  prospective  crossings  of  steam 
railways  with  steam  railways,  steam  railways  with  electric  railways,  and  elec- 
tric railways  with  electric  railways;  and  that  the  cost  of  the  elimination  of 
existing  grade  crossings  which  the  Commission  may  from  time  to  time  decide 
to  abolish,  should  be  equitably  apportioned  between  the  railways,  the  State, 
and  the  town  or  city. 

J.  G.  Melluish, 

Chairman  of  Committee. 

This  was  duly  seconded,  voted  upon,  and  carried.  Copies  have 
been  sent  by  the  Secretary  to  the  Railroad  Commission  of  Illinois, 
and  to  some  of  the  technical  and  daily  papers. 

Mr.  W.  M.  Hay  moved  that  in  the  continue<l  absence  of  the 
Secretary  an  acting  secretary  be  appointed.  This  was  carried,  and 
the  President  appointed  Mr.  W.  H.  lierron. 

Mr.  W.  M.  Hay  presented  the  following  resolution,  drawn  up  by 
the  Committee  on  Surveying  as  the  outcome  of  the  discussion  on  the 
Committee's  report  on  the  previous  day,  it  being  the  judgment  of  the 
the  Committee  that  the  law  relating  to  i'lats  is  nut  sufficiently  strong. 

RESOLUTION  :      PLATS. 

Resolved,  That  it  is  the  opinion  of  the  Illinois  Society  of  Engineers  and 
Surveyors  that  the  present  law  in  relation  to  "Plats"  should  require  the  sur- 
veyor's certificate  to  contain  a  correct  description  of  the  land  sub-divided ; 
and  that  permanent  monuments  of  stone,  iron  or  equally  durable  material  be 
required  to  be  set  by  the  surveyor  in  number  equal  at  least  to  the  number  of 
angles  in  the  exterior  boundaries  of  the  land  sub-divided. 

This  was  dulv  seconded,  and  carried. 

A  discussion  on  "The  Stability  of  Earthwork  Placed  on  Old 
Railway  Embankments'*  w-as  then  taken  up  by  Mr.  L.  Z.  Jones  and 
Mr.  J.  C.  Quade. 

A  paper  on  "The  Relative  Strength  and  Cost  of  Natural  and 
Portland  Cement  Concrete  for  Street  Pavements,"  by  Prof.  A.  N. 
Talbot,  was  then  read  by  the  author. 
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pointed  Prof.  A.  N.  Talbot,  Mr.  J.  C.  Quade  and  Mr.  B.  J.  Ashley. 
The  following  resolutions  were  submitted,  seconded,  and  carried 
unanimously  by  a  standing  vote : 

resolutions  of  thanks. 

Resolved,  That  the  Illinois  Society  of  Engineers  and  Survcjrors  desires  to 
record  its  appreciation  of  the  many  courtesies  and  facilities  wlucfa  it  has  en- 
joyed at  this  meeting  at  Aurora. 

To  the  Mayor  and  City  Council  for  the  use  of  the  Council  Chamber.  To 
the  Mayor  for  his  cordial  greeting.  To  the  Superintendent  and  the  Engineer 
of  the  water  works  for  the  opportunity  of  inspecting  the  water  works  plant 
To  the  Superintendent  of  the  Chicago,  Burlington  &  Quincy  Railway  for 
transportation  to  the  water  works,  and  the  pleasant  visit  to  their  shops.  To 
Mr.  Max  H.  Wickhorst  for  courtesies  received  at  the  C,  B.  &  Q.  Ry.  shops. 
To  Mr.  M.  T.  Chapman  for  the  opportunity  of  visiting  the  factory  of  the 
American  Well  Works.  And  especially  to  the  Chairman  of  the  Local  CcHn- 
mittee,  Mr.  H.  D.  Hallett,  and  to  Mr.  M.  G.  Stolp,  City  Engineer,  for  the 
local  arrangements  made  and  for  the  hospitable  and  pleasant  treatment  re- 
ceived during  our  stay. 

Resolved,  That  the  Executive  Secretary  be  directed  to  convey  an  ex- 
pression of  the  thanks  of  the  Society  to  those  herein  enumerated. 

A.  N.  Talbot,  Urbana. 
John  C  Quads,  Kewanee. 
Burton  J.  Ashley,  Chicago. 

A  discussion  on  "The  Exclusion  of  Waste  Products  from 
Sewers''  was  then  taken  up. 

The  incoming  President,  Mr.  John  W.  Alvord,  was  then  intro- 
duced and  took  the  chair. 

It  was  moved  bv  Mr.  B.  J.  Ashley  that  a  cordial  vote  of  thanks 
be  tendered  to  the  retiring  President,  Mr.  Henry  G.  Paddock,  for  the 
efforts  made  by  him  to  build  up  the  Scxriety  during  his  two  terms  of 
office.    This  was  seconded,  and  carried  unanimously. 

The  meeting  then  adjourned  until  the  annual  convention  of  1904. 


i6  Illinois  Society  of  Engineers  and  Surveyors. 

Financial — Cost,  $460,000.  Bonded  debt,  $168,000,  at  j  per  cent ;  due, 
$46,000  in  1900.  1905,  1910  and  balance  later  on.  Expenses:  Operating,  $9,884; 
interest,  $8,400.    Revenue:    Consumer,  unmetered,  $1,759;  metered,  $1,041. 

Management — Board  of  Public  Works. 

(From  "The  Manual  of  American  Water  Works,"  1897,) 

Concrete  Piling, — The  speech  of  the  Vice-President  referred  to 
the  foundations  of  the  Public  Library,  these  foundations  consisting 
of  concrete  piles  reaching  through  14  feet  of  filled  material  to  solid 
rock.  The  method  of  construction  consists  in  first  driving  a  stcd 
pile  fitted  with  a  sheet  iron  casing.  This  pile  is  driven  by  a  pile 
driver  in  the  usual  way.  The  pile  is  in  two  parts,  divided  lengthwise, 
and  when  driven  it  is  collapsed  and  withdrawn,  leaving  the  casing  in 
place.  The  hole  is  then  filled  with  concrete.  There  are  142  piles,  20 
inches  diameter  at  the  top  and  13  inches  at  the  bottom,  this  sligbt 
taper  being  on  account  of  the  piles  resting  on  rock.  In  soft  matenal 
a  much  greater  taper  is  used.  The  concrete  is  composed  of  i  part 
Portland  cement,  2  parts  sand  and  4  parts  stone.  The  heads  of  the 
piles  were  afterwards  embedded  in  the  concrete  foundation  walls. 

Railway  Shops. — The  Chicago,  Burlington  &  Quincy  Railway 
has  large  locomotive  and  car  repair  shops,  but  the  shops  and  equip- 
ment are  old.  Some  particulars  of  the  laboratory  work  are  given  in 
one  of  the  papers  read  at  the  meeting. 

General  Summary, — The  following  general  summary  of  the 
public  works  of  the  city  is  taken  from  **The  Municipal  Year  Book," 
1902: 

Population — 24,147. 

Assessed  valuation  (1899),  $4,119,980. 

Mayor,  George  Alschuler;  City  Engineer,  M.  G.  Stolp;  Superintendent 
of  Streets,  Henry  Rand;  Chairman  of  Health  Board,  G.  W.  McDonald;  Chief 
of  Fire  Department,  Adam  Schuberline. 

City  Owns:  Water  works;  Superintendent,  W.  K.  Reese.  Sewers; 
Superintendent.  J.  W.  Linden.  Electric  lights;  Superintendent,  C.  C. 
Hinckley. 

Companies  Own:  Gas  works;  Aurora  Gas  Light  Co.  Electric  lights; 
Aurora  Electric  Light  &  Power  Co.  Electric  railways;  Aurora  Street  Rail- 
way Co.  and  Aurora,  Elgin  &  Chicago  Railway  Co.  Telephones;  North- 
western Telephone  Co.  and  Chicago  Telephone  Co. 

Water  Supply — Artesian  wells,  by  pumping. 

Sewerage — Sanitary  and  storm ;  crude  sewage  discharged  into  Fox  River. 

Street  Cleaning — Day  labor;  by  hand  and  machine;  dirt  used  for  filing. 

Street  Sprinkling — Private  arrangement. 

Garbage — Collected  by  contract;  dumped. 

Fire  Department — Mostly  paid ;  no  engines. 

Electric  Wires — Overhead. 
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yet  the  improvement  would  be  much  more  rapid  if  the  districts  were 
larger,  so  that  men  could  be  put  in  charge  and  devote  the  greater 
part  of  their  time  to  the  study  and  the  practical  working  out  of  the 
different  problems  involved. 

The  discussion  of  the  present  improvement  laws  should  be  very 
interesting  to  many  of  us,  as  all  classes  of  cities  have  discovered 
serious  defects  in  the  law  as  it  applies  to  them.  In  the  class  of  cities 
under  25,000  inhabitants,  the  law  seems  to  be  satisfactory  as  regards 
paving,  and  other  improvements  of  the  surface  of  the  streets.  But  it 
has  been  found  practically  impossible  to  secure  the  signature  of  the 
owners  of  half  the  frontage  along  the  lines  of  a  proper  sewer  dis- 
trict, for  the  reason  that  some  portion  of  the  main  scw^er  is  almost 
always  ver)-  expensive  and  the  property  owners  along  the  expensive 
portion  of  the  main  object  to  signing  a  |x?tition  for  a  sew-er  that  will 
not  include  the  laterals  and  cheaper  portions.  At  the  same  time,  the 
property  owners  along  the  laterals  and  cheaper  portions  wait,  hop- 
ing that  the  property  owners  of  the  more  expensive  portion  will  do 
that  work  and  leave  the  laterals  to  be  done  later  without  having  to 
share  in  the  cost  of  the  more  expensive  portion. 

The  law  gives  the  City  Council  the  right  to  pass  any  ordinance 
for  sidewalks  without  any  petition.  A  sidewalk  is  certainly  a  good 
thing  to  have,  but  it  would  seem  that  the  Council  should  have  the 
same  power  to  provide  for  a  sewer  system  where  it  is  needed.  Any 
fair-minded  person  will  concede  that  a  proper  sewer  system  is  a 
sanitarv  measure  that  all  are  interested  in,  as  a  badlv  scw^cred  terri- 
tory  will  create  a  disease-producing  condition  that  is  not  only  in- 
jurious to  that  ix)rtion,  but  to  a  great  extent  to  the  whole  city. 

The  Hennepin  Canal,  now  nearing  completion,  will  give  the 
people  an  opix)rtunity  to  see  the  results  of  a  small  waterway  con- 
necting the  (Ireat  Lakes  with  the  Mississippi.  Should  this  l>e  as 
beneficial  as  its  fricmds  believe  it  will,  its  success  will  be  a  great  help 
in  securing  the  necessary  api)ropriations  from  Congress  for  the  in- 
vestigations necessary  to  determine  if  it  is  commercially  practicable 
to  make  the  Mississippi  navigable  for  the  entire  season  from  the 
Gulf  to  St.  Paul,  and  to  funiish  a  deep  waterway  from  Chicago  to 
New  Orleans. 

In  regard  to  membership,  each  member  should  make  all  reason- 
able efforts  to  secure  new  applications,  as  all  scxrieties  depend  en- 
tirely for  their  success  upon  the  interest  taken  by  their  members,  and 
there  is  nothing  which  tends  more  to  maintain  that  interest  than  the 
acquiring  of  new  members  for  the  Society. 

In  retiring  from  the  office  which  I  have  occupied  for  the  past  two 
terms,  I  want  to  express  to  you  all,  my  gratitude  ami  deep  feeling  of 
the  honor  you  have  conferred  upon  me,  ami  to  thank  you  for  the. 
friendly  co-operation  with  me  in  the  discharge  of  my  duties. 
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long,  sharp  needle  out  of  an  old  hay  rake  tooth.  Have  a  short  bend 
at  the  top  end  to  pull  and  turn  the  needle  with.  Also  get  about  four 
lengths  of  |-inch  round  iron  rods.  Curl  up  one  end  like  a  cork- 
screw, making  the  point  end  of  the  curl  a  little  smaller,  so  that  it  will 
not  catch  on  the  ends  of  the  tiles.  Make  a  wide,  flat  point  so  it  can 
dig  dirt.  Couple  the  rods  together  with  pump  rod  couplings.  Start 
the  auger  up  the  choked  tile  from  the  lower  end  of  the  drain,  dam- 
ming up  the  water  so  it  will  follow  into  the  tile  to  help  the  auger.  The 
settlings  in  tiles  come  loose  very  rapidly.  Work  the  auger  up  the  tile, 
its  whole  length.  Then  take  the  needle  and  push  it  into  the  ground 
the  length  of  the  auger,  lacking  about  two  feet  above  the  outlet,  until 
you  find  the  tile.  Dig  out  two  lengths  and  get  hold  of  the  auger  and 
work  it  on  up  the  tile  another  length,  when  two  more  tiles  are  dug 
out  and  the  auger  passed  along  another  length.  So  proceed  until  the 
drain  is  cleared. 

The  auger  should  he  small  enough  to  go  into  a  2-inch  pipe,  so  it 
will  be  easy  to  handle.  If  there  is  plenty  of  water  it  will  clean  the 
dirt  out  of  large  tiles  very  soon,  if  you  keep  the  lower  end  free  from 
the  dirt  washed  out. 

In  laying  new  tiles,  remember  that  no  man  can  guess  a  grade. 
If  your  land  ver}-  plainly  slopes  the  grades  will  not  trouble  you  unless 
you  get  them  too  steep.  But  if  you  have  a  much  better  quality  of 
land  where  there  are  wet  places  or  ponds,  and  several  of  these  may 
need  to  be  connected  to  the  main  tile,  the  first  thing  to  do  is  to  get  a 
surveyor  with  a  level.  If  he  is  competent  he  will  cost  you  $5  to  $10 
per  day  and  expenses,  but  it  will  be  the  cheapest  labor  you  can 
employ  on  the  job.  Find  the  lowest  point  on  your  land  and  look 
below  onto  the  next  farm  and  see  what  is  there.  If  you  see  a  big 
open  ditch,  it  is  well.  But  if  the  land  is  a  wet  slough  you  had  better 
go  and  interest  your  neighbor,  and  go  down  across  his  land  looking 
for  some  place  where  the  water  nnis  down  hill,  so  a  clearance  for  the 
tile  drains  can  be  found.  If  your  neighlx)r  is  not  agreeable,  a  sug- 
gestion of  the  amount  of  water  you  expect  to  turn  upon  him  may 
make  him  see  his  own  interest.  If  he  does  not,  you  must  pour  the 
water  from  your  farm  upon  his  land  at  the  top  of  the  ground  at  the 
lowest  ix)int  of  your  land,  if  you  cannot  get  a  drainage  district  estab- 
lished. A  drainage  district  drains  large  tracts  of  land,  regardless  of 
neighborhood  notions.  If  your  land  is  too  near  level  to  get  your  tile 
into  the  ground  and  outlet  at  the  lowest  place,  you  must  wait. 

If  you  can  drain  the  farm,  begin  at  the  lowest  place  and  drive  a 
stake  each  50  feet,  up  across  the  land.  l^'oUow  the  lowest  general 
lay  of  the  ground  up  into  all  the  wet  places  in  the  land.  Some  of 
them  may  naturally  drain  some  other  way,  but  if  you  can  get  them 
all  into  one  system  of  drainage,  it  is  better  to  do  so.  Take  the  level 
from  the  lowest  place  to  all  the  stakes  (and  bottom  of  the  cellar),  and 
find  how  much  above  the  outlet  the  lowest  stake  in  the  farthest  pc«id 
is.    You  now  have  three  fixed  conditions.    The  outlet,  the  distance, 
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four  times  as  many  inches  fall  in  lOO  feet  carries  twice  the  amount 
of  water  in  the  same  size  tile.  A  4-inch  tile  laid  on  a  3-inch  grade  is 
supposed  to  carry  50  gallons  of  water  per  minute,  but  the  number  of 
gallons  depends  upon  how  much  head  of  water  in  the  soil  or  pond  is 
driving  the  water  out  of  the  tiles.  If  lower  lengths  of  drains  are 
packed  with  clay  so  as  to  be  air  tight,  and  no  crawfish  holes  go  down 
to  the  tile,  and  also  if  the  lower  end  outlets  under  water,  then  the 
volume  of  water  discharged  must  be  replaced  by  water  or  air  from 
above,  and  so  a  suction  is  caused  which  helps  to  increase  the  flow. 
But  if  the  land  along  the  upper  lengths  of  drain  is  storm  beaten,  so 
water  and  air  cannot  go  down  into  the  soil,  your  tile  will  run  water 
like  a  barrel  without  a  vent  or  an  inverted  bottle  with  a  small  neck. 

A  piece  of  tile  drain  in  my  neighlwrhood  about  a  mile  long  was 
acting  badly.  When  a  man  owning  the  upper  end  dug  down  to  see 
if  the  tile  was  choked  up.  the  water  immediately  began  to  rush  out 
of  the  lower  end  and  the  land  soon  began  to  dry. 

Fourth.  Before  you  buy  tile  go  and  see  how  many  acres  of  your 
neighbor's  land  drains  upon  yours.  If  you  find  160  acres  drains  to 
you  all  at  one  place,  you  will  buy  12-inch  tile  to  put  in  at  the  fence 
line  between  your  farms  ami  increase  the  size  to  15  inches  where  it 
leaves  your  land,  if  you  drain  160  acres.  I  warn  you  not  to  attempt 
to  carry  water  from  his  large  tile  through  a  small  tile  of  yours,  for 
if  there  is  a  good  head  of  water  above  it  will  heave  your  small  tile 
clear  out  of  the  ground  even  if  5  feet  down.  This  break  may  occur 
where  the  two  tiles  join,  but  more  likely  down  along  the  small  tile 
with  the  accumulated  head  of  water  at  a  partially  choked  place. 

No  man  can  tile  to  carry  all  the  flood  water  of  storms,  but  he 
should  tile  drain  with  the  idea  of  getting  rid  of  the  water  in  a  day  or 
two,  before  it  has  Iain  on  the  crops  long  enough  to  sicken  or  destroy 
them.  A  3-inch  tile  should  drain  four  or  five  acres,  and  in  rolling 
ground  it  might  drain  40  acres.  The  rolling  ground  throws  off  the 
storm  water  in  a  quick  flood,  leaving  the  tile  to  care  for  the  wet  land 
in  the  bottom  of  the  hollow. 

A  safe  estimate  for  a  nice  level  farm  of  160  acres,  all  draining 
to  one  outlet,  would  be  12-inch  tile  for  the  lowest  length  with  the 
branches  made  of  the  following  list  of  ecjual  sizes : 

One  12-inch  tile  equals  two  9-inch;  three  8-inch;  four  7-inch; 
five  6-inch ;  eight  5-inch ;  sixteen  4-inch ;  and  thirty-two  3-inch  tile. 

Doubling  the  diameter  increases  the  capacity  about  5J  times, 
not  four  times,  as  according  to  school  books,  for  water  runs  faster 
in  larger  volumes.  Connect  two  3-inch  tiles  to  a  4-inch  tile.  A  4-inch 
and  a  3-inch  to  a  5-inch ;  and  an  8-inch  and  a  5-inch  to  a  lo-inch,  etc. 

Rule :  Square  the  diameter  of  tile  of  each  branch  and  put  in, 
below,  the  sized  tile  whose  diameter  squared  makes  as  much  as  or  a 
little  more  than  the  sum  of  the  squares  of  the  two  smaller  tiles. 

The  red  brick  tile  are  just  as  good  as  the  hard  glazed  tile.  The 
well  burned  brick  tile  will  last  a  thousand  years  if  well  laid  below 
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seen  planted  nearly  to  the  water  of  shallow  ponds  in  level  lands.  In 
a  dry  season  the  roots  go  down,  while  in  a  wet  season  the  roots  are 
drowned,  and  no  trees  are  seen.  Hence  if  the  lay  of  the  land  requires 
the  tiles  to  be  made  level  or  nearly  so,  lav  them  that  wav.  Put  a 
sump  in  at  the  lowest  place  in  the  pond  and  never  fear  that  the  water 
will  not  mil  out.  When  there  is  a  heavy  rain  to  fill  the  tile  at  the 
pond,  the  water  will  run  out  just  as  fast  upon  the  level  tile  as  if  the 
tile  came  to  the  top  of  the  ground  in  the  pond  and  had  a  down  grade 
all  the  way  to  the  outlet. 

Every  time  I  have  said  level  tile  I  have  meant  level.  Not  some 
parts  level  and  some  parts  towards  the  outlet  up  hill ;  water  w^ill  run 
up  hill  in  a  new  drain,  hut  as  soon  as  the  pressure  is  off  the  water 
drops  the  earth  it  is  carrying  and  it  will  not  be  long  before  the  tile  is 
choked  with  dirt.  Medium  gra<ics  for  tiles  are  such  as  have  from  5 
to  30  feet  fall  per  mile.  A  grade  of  i  inch  per  rod,  being  26  feet  per 
mile;  three-tenths  of  a  foot  fall  jx?r  100  feet,  17  feet  per  mile,  is  a 
desirable  grade  where  the  lay  of  the  land  permits.  It  is  steep  enough 
to  readily  dry  the  land  and  level  enough  so  the  water  will  not  loosen 
the  earth  in  good  tiling  ground. 

Land  suitable  for  medium  grades  is  much  easier  drained,  as  the 
grades  can  be  made  steeper  or  nearer  level  to  suit  the  surface  of  the 
land  and  to  hurry  along  the  water  in  places  where  it  is  not  desirable 
to  put  in  a  larger  sized  tile.  Steep  grades  are  sometimes  necessary, 
as  when  an  area  of  fine  upland  has  a  nunil)er  of  wc*t  places  or  shallow 
ponds  which  can  all  be  collected  by  a  system  of  drains  on  easy  grades 
toward  some  hollow  leading  off  to  a  creek.  The  hollow  being  good 
farming  land  with  no  ditch  it  is  not  desirable  to  let  water  from  the 
tile  run  upon  the  land,  so  tile  on  steep  grades  must  be  put  in  down 
the  side  hill  into  the  hollow  and  down  the  hollow  to  the  lowest  land 
line,  saving  all  the  waste  wet  land  ix>ssible  and  yet  stopping  far 
enough  from  the  fence  line  to  build  a  fine  watering  place  for  stock. 
I  say  "build,"  advisedly,  as  work  must  be  done  to  protect  the  outlet 
from  stock  and  the  earth  washed  down  by  rains.  In  getting  down 
off  the  level  land  into  the  hollow,  grades  may  need  to  be  as  steep  as 
5  to  10  feet  to  100  feet,  in  which  case  the  tiles  must  be  laid  with  great 
care.  No  imperfect  tile  should  be  put  in.  The  bottom  of  the  ditch 
should  be  cut  out  just  the  size  and  shape  of  the  lx)ttom  half  of  the 
tile  so  there  will  be  no  space  outside  the  tile  for  water  to  run  in.  No 
sudden  changes  of  grades  or  courses  should  be  made.  All  joints 
should  fit  closely  or  be  covered  with  broken  pieces  of  tile,  and  the 
first  filling  put  in  should  be  well  packed.  In  an  important  job,  the 
steep  grades  should  be  laid  with  sewer  pipe,  so  that  the  bell  ends  will 
keep  the  tile  in  line. 

In  bad  tiling  land,  where  common  tiles  are  used,  steep  grades 
can  be  avoided  by  using  as  much  grade  as  the  soil  will  stand,  and 
putting  in  wells  so  the  water  may  fall  out  of  one  tile  near  the  top  and 
go  into  another  several  feet  lower  near  the  bottom  of  the  well.    Three 
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scoop  can  be  spread  out  to  fit  the  curve  of  a  large  tile  or  pushed  to- 
other to  fit  small  ones. 

For  all  soils  not  gravelly  or  stony,  make  all  the  above  tools  lo 
sharp  that  they  will  shave  a  board.  For  all  top  work  in  easy  soil,  use 
the  round-pointe<l  shovel.  No  other  hand  tool  will  so  easily  remove 
so  much  dirt  in  a  given  length  of  time  as  the  miner's  shovel. 

Being  ready  to  dig,  the  next  question  is  how  to  keep  the  bottom 
of  the  ditch  on  the  grade  line,  for  this  is  the  particular  part  of  tbc 
whole  job  of  digging.  If  the  ditch  gets  too  deep  (as  it  naturally  vrill 
if  there  is  no  check  on  the  digger)  the  line  of  the  tile  will  be  broken, 
and  if  no  other  damage  is  done  the  water  carrying  capacity  of  the 
tile  will  be  reduced.  You  can  lay  two  tiles  on  a  box  end  to  end,  but 
out  of  line,  and  look  through  them  and  you  will  see  the  opening  for 
water  much  reduced.  Hence  the  need  of  much  care  to  get  the  line 
of  tile  straight  on  the  grade. 

The  common  method  is  to  stretch  a  fine  wire  or  cord  above  the 
center  of  the  ditch  supix)rting  it  every  50  feet,  so  it  will  be  just  so 
many  feet  above  grade,  generally  7  or  8  feet.  A  pole  of  the  same 
length  is  used  to  try  the  depth  of  the  ditch  as  it  is  dug.  This  would 
be  a  perfect  method  if  it  was  possible  to  stretch  a  string  or  wire 
straight,  but  this  never  has  been  nor  ever  will  be  done.  The  tile  will 
be  at  the  grade  at  each  of  the  supports  and  too  low  between. 

A  better  method  is  to  take  a  bundle  of  lath,  and  drive  one  each 
side  of  the  ditch  at  each  grade  stake.  Then,  if  the  grade  stake  says 
dig  4  feet,  nail  a  third  lath  across  just  2  feet  above  the  ground,  mak- 
ing it  level  by  means  of  a  hand  level.  Do  this  at  each  grade  stake, 
nailing  the  lath  across  just  as  much  alx)ve  the  ground  as  the  diflfer- 
€nce  between  the  depth  to  dig  (marked  on  the  stick)  and  6  feet.  If 
the  surveyor  has  done  his  work  correctly,  you  can  then  sight  over 
the  top  of  a  lath  down  along  the  line  and  every  lath  will  just  come 
lip  to  the  line  of  sight.  This  is  a  good  check  on  the  surveyor's  work. 
If  any  lath  is  too  high  or  too  low,  bring  it  into  line  and  you  are  ready 
to  dig.  You  can  use  these  lath  on  a  small  job  that  i?  plainly  down 
hill,  so  that  you  will  not  need  a  level.  This  w'ill  get  }'ou  a  per- 
fect grade  over  rough  ground.  By  using  these  level  lath  or  longer 
strips,  a  grade  can  be  carried  around  a  curve  with  no  instrument  but 
the  eye  and  a  pocket  level. 

In  draining  soft,  spongy  or  peat  lands,  long  stakes  should  be 
driven  at  each  grade  stake,  so  the  lower  end  will  be  in  solid  soil  and 
the  top  end  just  at  the  level  of  the  ground.  Then  if  the  water  runs 
into  the  ditch  so  fast  as  to  lower  the  top  soil  the  gjade  will  not  be 
lost.  Some  lands  may  have  soil  more  or  less  firm  on  top,  but  at  the 
bottom  of  the  ditch  there  may  be  sand  or  soil  that  will  not  stand  and 
hold  the  soil  above.  In  this  case  the  grade  stakes  and  the  long 
stakes  should  be  set  far  enough  away  from  the  line  of  the  ditch  that 
the  sides  will  not  cave  in  and  displace  them.  If  the  banks  will  not 
stand,  boards  should  be  driven  down  on  each  side  of  the  ditch  and 
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walcr  for  irrigation  purposes,  it  seems  that  some  plan  of  check  valves 
should  be  arranged  to  check  the  waste  of  subsoil  water  from  tiles 
when  the  land  above  them  is  in  fine  condition  for  cultivation  and 
plant  growth.  Lands  which  most  need  drainage  and  have  the  least 
value  without  it  are  the  lands  which  can  not  resist  drought. 

Their  richness  in  humus  acts  to  their  disadvantage,  allowing  the 
ground  to  dry  and  crack  open,  even  below  the  tile  in  dry  seasons. 
The  farmer,  like  Alexander,  has  "no  more  worlds  to  conquer."  The 
great  increase  in  the  price  of  land  warrants  improvements  not  to  be 
thought  of  for  cheap  lands.  It  will  be  inorder  for  drainage  en- 
gineers to  devise  some  plans  lo  save  subsoil  water.  I  suggest  the 
following : 

A  series  of  invisible  dams  in  the  soil  made  by  laying  a  length 
of  tile  with  cemented  joints  varying  in  length  according  to  the  ease 
with  which  water  passes  through  the  soil.  This  tile  to  have  two  out- 
lets into  a  tile  well ;  the  lower  one  on  grade,  the  upper  one  to  be  made 
by  putting  in  an  inverted  T  tile,  with  the  stem  to  rise  two,  three  or 
more  feet  above  grade.  The  lower  opening  to  be  closed  when  the 
soil  is  in  good  condition  by  a  plug  or  valve  balanced  to  resist  the  few 
feet  of  head.    This  is  shown  in  the  accompanying  sketch. 


DISCUSSION. 

Mr.  E.  E.  R.  Tr.\tm.\n  :  I  would  like  to  ask  Mr.  Jones  in  re- 
gard to  draining  land ;  has  a  man  tlie  right  to  throw  any  water  on  to 
his  neighbor's  land  ? 

Mr.  Joxes:  He  can  turn  off  all  the  water  his  land  produces  at 
the  ground  level ;  not  by  suddenly  turning  loose  a  large  body  of 
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OPEN  DITCH  DRAINS. 


BY  P.  C.  KNIGHT. 


The  heavy  rains  of  the  year  1902  demonstrated  that  we  have 
quite  a  good  deal  to  learn  in  land  drainage.  Very  few  of  the  open 
ditches  were  of  sufficient  capacity  to  protect  and  save  crops  on  low 
and  comparatively  level  lands  from  even  partial  destruction.  In 
working  out  formulas  for  drainage,  in  works  on  hydraulics,  apparent- 
ly little  consideration  has  been  taken  of  the  height  of  the  perimeter 
of  the  valley  of  which  the  ditch  acts  as  a  drain.  The  variation  of  this, 
the  slope  from  the  divide,  together  with  the  width  of  the  valley,  form 
almost  limitless  combinations  which  must  be  taken  into  consideration 
in  order  to  arrive  at  a  perfect  conception  of  a  ditch  that  will  drain 
thoroughly  the  low  lands  lying  along  the  bottom  of  the  valleys. 

We  often  find  it  to  be  the  case  that  the  upper  part  of  the  valley 
or  drainage  area  is  composed  of  rather  abrupt  slopes,  in  comparison 
to  the  slopes  of  the  l)ottoni  land,  which  have  fall  enough  to  form  for 
itself  sufficient  drainage  for  the  water  which  runs  off  the  surface. 
I  include  under  bottom  lands,  the  land  for  which  artificial  drain- 
age is  a  necessity  before  it  can  be  used  for  ag^cultural  purposes.  The 
length  of  the  valley  must  also  be  taken  into  consideration,  even  if  the 
engineer  does  not  have  the  whole  drainage  area  in  his  district.  I 
find  that  all  formulas  for  the  computation  of  drainage  that  have  come 
to  my  notice  are  made  for  computing  drainage  areas  of  nearly  uni- 
form slope.  While  1  do  not  think  that  engineers  have  been  altogether 
governed  by  these  formulas,  still  I  am  inclined  to  think  that  a  great 
many  have  been  to  some  extent  misled  by  them;  judging  from  the 
results. 

Unfortunately  drainage  engineering  has  been,  to  a  great  ex- 
tent, considered  a  simple  proposition,  and  I  have  often  found  men 
of  other  professions  assuming  to  act  as  drainage  engineers,  mostly 
attornevs-at-law  and  doctors  of  medicine :  I  find  manv  men  of  these 
professions  who  will  make  a  statement  like  this :  "Why,  yes,  I 
studied  surveying  when  I  went  to  schcx)l."  and  I  do  find  quite  a  good 
many  of  these  gentlemen  who  have  been  acting  as  drainage  engineers. 
These  undoubtedly,  if  able  to  compute  their  ditches  at  all,  did  so 
from  the  formulas  of  works  on  hydraulics. 

However  that  may  be  or  in  what  manner  whatsoever  the  sizes 
of  ditches  were  arrived  at,  either  by  lawyers,  doctors,  county  sur- 
veyors or  engineers,  the  fact  remains  that  a  great  many  of  their 
ditches  proved  very  deficient  in  1902,  which  year  was  noted  for 
the  amount  of  rainfall :  to  the  knowledge  of  the  writer  the  rainfall 
in  several  parts  of  the  State  of  Illinois  exceeded  the  average  rainfall 
by  from  11  to  16  inches,  which  is  about  a  third  more  than  the  aver- 
age.   I  may  digress  a  moment  to  explain  that  this  confutes  the  theory 
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V.J      THE  PURIFICATION  OF  WATER  FOR  SMALL  CITIES. 


BY  CHARLES  B.  BURDICK. 


A  man  h'l^h  in  the  government  of  the  chief  city  in  the  United 
States  has  said :  '*The  pubHc  water  supply  transcends  every  other 
subject  and  object  of  municipal  government,  in  importance  and  im- 
mediate effect  uf)on  every  human  being  of  whatever  condition  of  life; 
and  it  should  therefore  have  precedence  in  municipal  affairs  and  the 
apportionment  of  funds  for  maintenance  and  improvement."  That 
this  is  true  there  can  be  no  doubt.  Without  water  no  life  can  exist. 
Any  subject  that  affects  the  public  health  is  of  prime  importance,  and 
there  is  probably  no  subject,  with  which  municip)alities  have  to  deal, 
which  so  vitally  affects  the  public' health  as  that  of  w^ter  supply  for 
domestic  use. 

There  is  no  such  thing  in  nature  as  an  absolutely  pure  water; 
that  is.  pure  in  the  sense  that  it  is  a  chemical  combination  of  hydrogen 
and  oxygen  without  admixture  of  some  foreign  substance.  The 
solvent  property  of  water  is  great.  The  rain,  as  it  falls  from  the 
skies,  dissolves  and  washes  from  the  atmosphere  impurities  of  various 
kinds,  the  vast  majority  of  which  are,  however,  harmless.  Upon 
reaching  the  earth,  a  iK)rtion  of  the  rain  is  absorbed  by  vegetation,  a 
portion  flows  off'  over  the  fields  and  into  the  water  courses,  and  a 
portion  sinks  into  the  ground,  to  appear  at  the  surface  again  through 
springs  and  wells.  Throughout  its  travels,  this  water  is  constantly 
undergoing  more  or  less  change.  That  pc^rtion  of  the  rain  which 
flows  off  over  the  fields,  j)icks  up  particles  of  the  soil  and  other  sub- 
stances which  render  surface  waters  usually  more  or  less  impure  and 
at  times  of  flood  very  unsightly.  That  iX)rtion  of  the  rain  which 
sinks  into  the  ground,  may  travel  for  miles,  often  hundreds  of  miles 
through  the  porous  strata  underlying  the  earth's  surface,  during 
which  time  it  is  robbed  of  most  of  the  foreign  matters  it  has  picked 
up  upon  the  surface  of  the  earth,  and  dissolves  from  the  rocks  and 
sands  through  which  it  passes,  salts  and  mineral  substances  which 
may  or  may  not  be  detrimental  to  its  use  for  domestic  ptirposes. 

Practically  speaking,  a  pure  water,  as  the  tenn  is  applied  to  a 
public  water  supply,  is  a  w^ater  that  contains  no  substance  deleterious 
to  the  public  health.  In  addition  to  being  free  from  the  germs  of 
disease,  it  should  be  of  reasonable  softness ;  that  is,  the  dissolved 
mineral  substances  should  not  be  in  such  excessive  amount  as  to  in- 
jure the  delicate  linings  of  the  human  digestive  organs,  nor  should 
they  be  in  such  amount  as  to  make  the  water  unfit  for  use  in  steam 
boilers,  for  manufacturing,  or  for  other  domestic  uses.  Not  only 
should  the  water  be  pure  and  soft,  but  it  should  be  clear.    While  it 
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suspended  matters  in  settling  to  the  bottom  of  the  containing  reser- 
voir, carry  down  a  jxDrtion  of  the  bacteria. 

Water  is  partially  purified  by  sedimentation  in  two  ways :  First, 
by  absolute  rest ;  and,  second,  by  continuous  flow.  In  the  first  pro- 
cess, absolute  rest,  the  water  is  pumped  into  settling  basins  and  al- 
lowed to  remain  until  the  desired  result  is  secured.  By  this  metliod 
it  is  necessarv  to  have  two  or  more  basins  in  order  that  the  water 
from  one  may  l)e  used,  while  the  water  in  the  others  is  undergoing 
purification. 

In  the  continuous  flow  method,  the  water  is  being  constantly 
pumped  into  and  constantly  drawn  from  the  settling  basin  or  basins, 
a  constant  slow  flow  being  maintained  from  the  inlet  to  the  outlet. 
Experiments  seem  to  indicate  that  the  efficiency  of  absolute  rest  is 
somewhat  greater  than  continuous  flow ;  that  is,  in  a  given  length  of 
time  more  sediment  will  be  deposited  with  absolute  rest  than  with 
continuous  flow,  even  though  such  flow  be  extremely  small. 

On  the  other  hand,  it  will  usually  be  found,  in  small  w'ater  works, 
that  with  a  given  outlay  of  money  in  settling  reservoirs,  somewliat 
better  results  can  be  obtained  by  continuous  flow  than  by  absolute 
rest.  This  is  due  to  the  fact  that  in  continuous  flow  the  whole  reser- 
voir system  is  in  use  all  the  time,  whereas,  with  absolute  rest,  a  por- 
tion of  the  system  is  always  cut  out  for  filling  and  settling. 

The  amount  of  purification  effected  by  plain  subsidence  depends 
upon  the  character  of  the  water.  The  character  of  the  suspended 
matters  is  also  an  important  element.  Experiments  at  Cincinnati  on 
Ohio  River  water,  indicate  that  24  hours  rest  of  moderately  turbid 
water  will  deposit  about  60  per  cent,  of  the  suspended  matter.  After 
the  first  day,  deposits  are  extremely  slow ;  in  the  same  experiments 
it  was  found  that  only  76  per  cent,  of  the  suspended  matter  had  been 
deposited  at  the  end  of  the  fourth  day.  Higher  results  than  the 
above  can  be  obtained  on  most  of  the  Western  rivers,  the  Ohio  River 
being  particularly  difficult  to  purify,  owing  to  the  extreme  fineness 
of  the  suspended  clay. 

Sedimentation  is  greatly  assisted  by  the  addition  of  a  coagulant 
such  as  alum,  to  the  water  before  entering  the  settling  basins.  It  has 
been  said  that  where  plain  subsidence  is  a  matter  of  days,  subsidence 
with  a  coagulant  is  a  matter  of  hours.  A  shorter  time  of  subsidence 
reduces  the  necessary  outlay  in  settling  basins,  and  on  the  other 
hand  the  addition  of  a  chemical  to  the  water,  increases  the  cost  of 
operation,  so  that  the  proper  capacity  of  the  basins,  and  the  amount 
of  chemical  which  it  is  desirable  to  use,  if  any,  is  a  matter  which 
must  be  decided  for  each  p>articular  case.  That  arrangement  is  the 
best  in  which  the  sum  of  the  operating  cost  and  the  interest  on  the 
investment  amounts  to  a  minimum. 

A  chemical  to  assist  in  sedimentation  has  seldom  been  used  to 
the  author's  knowledge  except  in  plants  where  sedimentation  is  suc- 
ceeded by  filtration,  although  there  is  no  reason  why  it  should  not 
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filter  beds.  Through  these  means  a  much  higher  rate  of  filtration 
per  square  foot  of  the  sand  surface  is  secured.  This  increased  rate 
of  filtration  enables  a  much  smaller  area  to  be  used  in  purifying  a 
given  quantity  of  water,  and  makes  possible  the  use  of  taiiks  or  tnbi 
for  enclosing  the  filtering  material,  while  large  masonry  enclosed 
vessels  or  reservoirs  are  required  in  slow  sand  filtration.  The  tik 
underdrains  in  the  latter  are  replaced  in  mechanical  filtration  by  iron 
pipes  into  which  die  filtered  water  enters  through  slotted  or  per- 
forated brass  strainers,  these  being  made  necessary  due  to  the  higher 
velocity  of  water  which,  if  applied  to  a  slow  sand  filter,  would  cause 
the  filtering  sand  to  pass  with  the  water  into  the  tile  underdrains. 

The  rate  of  filtration  through  **slow  sand  filters"  is  from  1,000,- 
000  to  3,000,000  gallons  per  acre  per  24  hours,  while  in  ''mechanical 
filtration"  a  rate  of  125,000,000  gallons  per  acre  per  day  is  practic- 
able. Or  to  put  it  in  another  way,  where  one  acre,  or  an  area  208  ft 
by  208  ft.,  is  required  in  "slow  sand  filtration,"  the  same  work  can 
be  done  with  "mechanical  filters'*  in  an  area  of  525  sq.  ft.  or  in  three 
circular  tubs  or  tanks  1 5  ft.  diameter. 

The  chemical  coagulant  above  referred  to,  and  without  which, 
good  results  with  the  high  rates  of  filtration  per  square  foot  of  sand 
bed  could  not  be  secured,  consists  usually  of  alum  or  sulphate  of 
alumina,  dissolved  in  clear  water.  This  solution  is  applied  through 
suitable  pipes  to  the  unfiltered  water  and  enters  into  a  chemical  com- 
bination with  the  compounds  of  lime  found  in  all  natural  waters.  This 
chemical  combination  forms  a  precipitate,  white  in  color  and  some- 
what similar  in  appearance  to  curdled  milk  in  a  cup  of  coffee,  al- 
though the  particles  are  much  more  finely  divided.  These  particles 
being  slightly  heavier  than  water,  do  not  float,  but  tend  to  settle  to 
the  bottom  of  an  enclosing  vessel  upon  being  allowed  to  stand  for  a 
sufficient  time.  This  pnxluct  of  coagulation,  or  coagulum  as  it  is 
called,  upon  passing  to  the  filters,  is  easily  caught  by  the  surface  of 
the  sand,  and  of  itself  forms  a  scum  upon  the  surface  of  the  sand 
bed,  extremely  fine  in  texture,  which  is  useful  in  arresting  impurities 
in  the  water  which  would  otherwise  pass  through  the  sand  filter  and 
greatly  decrease  its  efficiency  as  a  purifier. 

The  ability  of  a  water  to  make  use  of  the  alum  or  other  coagu- 
lant, in  this  way,  depends  upon  the  quantity  of  carbonate  and  bicar- 
bonate of  lime  and  magnesium  in  solution  in  the  water.  Different 
waters  varying  in  this  ability  and  waters  from  the  same  source  vary- 
ing at  different  seasons  of  the  year.  As  a  general  rule,  at  the  stage 
of  low  water  in  a  river,  the  amount  of  lime  per  gallon  of  water  is 
greater  than  at  flood  times ;  as  during  low  water,  the  river  is  largely 
fed  by  ground  waters  which  are  high  in  lime,  while  at  flood  times 
the  rain  water  predominates.  During  ordinary  stages  of  a  river 
there  is  usually  three  or  four  times  the  necessary  quantity  of  lime 
present  in  the  water  to  utilize  the  quantity  of  coagulant  desirable  to 
add.    At  times  of  extreme  turbidity,  which  are  coincident  with  high 
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sand,  which  should  be  clean,  hard,  and  reasonably  unifonn  in  aze. 
The  size  of  the  grains  plays  an  important  part  in  the  successful  woik- 
ing  of  the  filter,  the  most  common  practice  being  to  use  a  sand  sooK- 
what  finer  than  the  best  grade  of  mortar  sand.  Local  sands  viD 
sometimes  be  found  suitable  for  use,  but  generally  it  will  be  foond 
advisable  to  import  the  filtering  material  from  one  of  a  number  of 
places  where  special  filtering  sand  is  mined.  Crushed  quartz  is  alio 
used  as  a  filtering  material. 

In  operation,  the  water  is  admitted  to  the  top  of  the  filtering  tank 
and  spreads  out  over  the  top  of  the  sand  to  a  depth  of  from  a  few 
inches  to  two  feet.  Thence  it  passes  downward  through  the  filtering 
sand,  through  the  brass  strainers,  into  the  collecting  pipes,  and  thence 
through  the  outlet  pipe  into  a  reservoir  provided  for  the  filtered 
water.  This  reservoir  should  be  covered,  to  shut  out  the  sunlight, 
which  has  an  injurious  effect  on  filtered  water,  and  further  to  prevent 
contamination  from  outside  sources. 

The  amount  of  head  necessary  to  operate  a  gravity  filter  at  the 
usual  rate  of  flow,  being  the  vertical  distance  between  the  water 
level  in  the  filter  and  that  in  the  clear  water  reservoir,  varies  from  8 
to  16  ft.,  depending  upon  the  porosity  of  the  sand  bed.  A  dean 
filter  requires  less  head,  while  a  filter  partially  clogged  with  im- 
purities requires  a  greater  head.  In  practice,  regelating  devices  arc 
provided  which  vary  the  working  head  so  as  to  bring  about  a  uni- 
form rate  of  flow  through  the  sand  bed,  regardless  of  its  condition  of 
porosity. 

When  the  sand  bed  has  become  clogged  to  the  desirable  limit 
with  the  impurities  removed  from  the  water,  the  operation  of  the 
filter  is  stopped.  By  means  of  suitable  valves  water  under  pressure 
from  the  city  mains  or  other  source  is  then  admitted  to  the  collecting 
pipes  beneath  the  sand,  whence  it  is  forced  through  the  numerous 
strainers  and  upward  through  the  sand  bed,  engaging  and  carrying 
witli  it  the  accumulated  impurities  and  passing  off  through  a  suitable 
pipe  at  the  top  of  the  filter  to  the  sewer.  Frequently  an  agitating 
device,  most  frequently  applied  to  gravity  filters,  is  employed  to  stir 
the  sand  during  the  process  of  washing.  The  most  common  agitat- 
ing device  consists  of  arms  carried  by  and  revolving  in  a  horizontal 
plane  about  a  shaft  in  the  center  of  the  filter.  These  arms  carry 
rake  bars  which,  when  the  arms  are  revolved  by  a  suitable  engine, 
gears  and  shafting,  sink  into  the  sand  bed  and  assist  in  the  washing. 

Another  form  of  agitating  device  somewhat  used  is  the  com- 
pressed air  agitator  as  used  in  the  filter  plant  at  Vincennes.  In  this 
means  of  agitation,  air  under  pressure,  from  a  suitable  blower,  is 
admitted  to  the  bottom  of  the  bed  through  the  strainers  or  through 
special  openings  provided  and  is  forced  upward  through  the  sand. 
This  is  to  break  up  the  sand  bed  before  the  wash  water  is  applied. 

Under  certain  conditions,  some  form  of  agitation  in  washing  is 
desiraUe  and  even  necessary,  but  its  necessity  under  all  conditions 
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free  from  all  suspended  matters  visible  to  the  naked  eye.  Filtration 
is  also  efficacious  in  removing  the  color  or  stain  found  in  some  waters, 
especially  waters  of  the  north  discolored  from  the  bark  of  floating 
logs,  or  other  vegetable  matters. 

The  measure  of  a  filter's  ability  is  usually  based  upon  its  power 
to  remove  bacteria  from  the  water  filtered.  It  being  a  well  estab- 
lished fact  that  the  bacteria  or  germs  of  certain  contagious  diseases, 
such  as  cholera,  yellow  fever,  and  typhoid  are  often  transmitted 
through  the  agency  of  the  domestic  water  supply.  It  is  not  claimed 
that  filtration  as  practiced,  will  remove  all  the  germs  or  bacteria  from 
water.  Tests  have  demonstrated  repeatedly  that  a  purification  of 
over  99  per  cent.,  as  measured  by  the  removal  of  bacteria,  can  be 
obtained  under  certain  conditions.  The  highest  percentage  of 
purification  is  obtained  when  the  water  to  be  purified  contains  a 
large  quantity  of  germ  life. 

With  waters  low  in  germ  life,  that  is,  containing  a  small  number 
of  germs  per  cubic  centimeter,  the  percentage  of  the  germs  removed 
is  naturallv  smaller:  and  vet  the  filtrate  in  the  latter  case  mav  be 
equal,  in  all  respects,  to  that  in  the  former. 

A  reasonable  clause  in  the  guarantee  of  filter  companies,  in  this 
respect,  would  be  to  the  effect  that  at  all  times  when  the  bacteria  in 
the  filtered  water  exceed  2,000  per  cubic  centimeter,  the  filter  shall 
effect  a  removal  of  97  per  cent.,  and  that  when  the  unfiltered  w-ater 
contains  less  than  this  number  the  filtrate  shall  contain  not  more  than 
200  bacteria  per  cubic  centimeter. 

That  the  purification  of  a  polluted  public  supply  has  a  great 
eflFect  upon  the  general  health  of  the  community  there  is  no  doubt. 
The  value  of  the  process  of  "slow  sand  filtration"  has  been  known 
for  many  years,  but  no  longer  ago  than  six  or  eight  years  it  was 
common  to  read  in  water  works  text  lx)oks,  that  mechanical  filtration 
is  a  clarifying  process  and  has  little  effect  in  removing  disease  or 
other  germs  from  water.  The  public  has  been  greatly  enlightened 
in  this  matter,  and  mechanical  filtration  placed  upon  a  sound  basis, 
largely  due  to  the  tests  of  water  purifying  devices  by  a  numl>er  of 
large  cities,  within  the  past  five  years.  Xotably  among  these  are  the 
tests  at  Providence,  R.  I. :  I^uisvillc.  Ky. :  Cincinnati,  O. ;  Pittsburg, 
Pa. ;  and  Washington,  D.  C.  These  have  demonstrated  that  even  up- 
on Western  rivers  where  the  water  is,  at  times,  very  turbid,  a  filtrate 
can  be  secured  which  is  at  all  times  clear  and  bright  and  which  con- 
tains no  more  bacteria  per  unit  of  volume  than  many  of  the  ground 
waters  which  are  regarded  as  safe  and  proper  supplies. 

In  regard  to  the  cost  of  filters  and  their  appurtenances,  varying 
conditions  make  it  imjxjssible  to  make  a  definite  statement.  The  range 
in  prices  in  different  localities  render  any  statement  very  general  in 
character.  However,  in  a  general  way  it  may  be  said  that  a  **me- 
chanical  filter  plant''  of  1,000,000  gallons  capacity  per  24  hours,  with 
immediately  adjacent  pipes  and  valves  will  cost,  to-day,  from  $6,000 
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Cost  per  million  gals,  pumped $     3.08 

Cost  per  thousand  gals,  pumped 3  mills 

Slow  sand  filter  beds  are  more  expensive  in  first  cost  per  millio>n 
gallons  of  water  pumped  than  mechanical  filters,  and  with  turl>id 
waters  such  as  flow  in  our  Western  rivers,  are  more  expensive    t;o 
operate.     Mechanical  filters  have  an  added  advantage  in  that  they 
occupy  a  smaller  space  and  their  form  and  arrangement  enables   a 
mechanical  filter  plant  to  be  added  to  indefinitely ;  a  large  plant  differ- 
ing from  a  small  one,  usually,  only  in  the  number  of  filters.    This  is 
true  in  a  measure  of  "slow  sand  filtration,"  but  suitable  areas  of  land 
at  the  proper  elevation  are  usually  limited  in  extent. 

The  first  cost  of  slow  sand  filters  is  quite  variable,  depending 
largely  upon  the  adaptability  of  the  land  to  this  form  of  construction. 
The  "slow  sand  filter  plant"  at  Grand  Forks,  No.  Dak.,  has  a  capacity 
of  1,500,000  gallons  in  24  hours  and  is  reported  to  have  cost,  with 
settling  basin,  $42,500,  or  $28,000  per  million  gallons  of  capacity. 
The  annual  cost  of  operating  the  beds  is  said  to  be  $4,500.  The 
Albany,  N.  Y.,  "sk)w  sand  filter"  plant,  including  settling  basins,  re- 
cently constructed,  cost  approximately  $500,000.  The  rated  capacity 
of  the  beds  is  about  15.000,000  gallons  per  24  hours  and  the  total  cost 
of  the  plant  per  million  gallons  capacity  was  about  $33,000. 

While  good  results  are  obtained  from  filtration,  and  while  water 
can  often  be  filtered  and  supplied  to  a  city  at  less  cost  than  water 
from  deep  wells,  a  well  supply  free  from  all  possible  source  of  pollu- 
tion, if  otherwise  suited  to  domestic  uses,  is  to  be  preferred.  How- 
ever, there  are  many  cities  throughout  the  country  where  a  suitable 
well  supply  is  impracticable  or  impossi])le :  to  such  cities,  filtration 
comes  as  a  great  boon. 
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which  the  body  of  the  filter  is  composed  has  to  be  washed  once  a 
day  by  reversal  of  flow,  the  outlets  for  this  purpose  being  made  seven 
times  the  area  of  the  inlets.  The  sponge  mattress  requires  removal 
and  washing  four  times  a  year,  and  it  will  be  noted  that  the  Schuyl- 
kill River  w^ater  has  a  maximum  turbidity  higher  than  that  of  the 
Ohio  River,  although  its  average  is  not  equal  to  the  latter  stream. 

Such  preliminary  filters  are  operated  at  rates  of  60,000,000  to 
80,000,000  gallons  per  acre  per  day  without  chemicals  of  any  descrip- 
tion. A  head  of  approximately  i  inch  to  12  inches  is  used  in  passing 
the  flow  through  the  filters.  Mr.  John  W.  Hill,  to  whose  kindness  I 
am  indebted  for  this  information,  assures  me  that  in  Philadelphia 
they  expect  to  largely  increase  the  rate  of  flow  through  the  final 
filters  as  a  result  of  this  preliminary  work. 

The  larger  portion  of  the  water  supplies  of  this  State  are  de- 
rived from  artesian  sources  and  it  has  become  increasingly  difficult 
for  many  of  the  larger  cities  in  the  northern  part  of  the  State  to  ob- 
tain a  sufficeint  quantity  of  this  valued  water  for  domestic  purposes. 
Many  ingenious  plans  have  been  devised  for  increasing  the  flow  of 
such  wells,  such  as  the  Rock  ford  plant  constructed  by  one  of  our 
fellow  members. 

Recently  tlie  writer  has  been  engaged  in  designing  a  new  form 
of  rotary  pumps  for  a  large  railway  company  near  Chicago,  in 
order  that  it  may  develop  a  supply  of  5,000,000  gallons  daily  from 
artesian  wells.  The  lift  will  be  nearly  200  feet,  and  it  is  proposed  to 
lower  the  pumps  directly  into  the  artesian  wells  and  drive  them  by 
means  of  shafts  directly  connected  to  horizontal  electric  motors  at 
the  surface.  A  trial  installation  has  been  constructed  at  the  com- 
pany's works  and  preliminary  tests  give  assurance  that  the  obvious 
difficulties  can  be  overcome  and  good  efficiencies  obtained.'  Develop- 
ment along  this  line  promises  a  good  field  of  activity. 

In  conclusion,  your  Committee  would  note  the  widening  field  in 
rotative  machinery  for  pumping  purposes  generally.  The  high  effi- 
ciencies which  have  been  recently  obtained  for  centrifugal  pumps 
compounded  and  in  tandem,  are  worthy  of  mention,  while  positive 
displacement  pumps  of  rotative  type  are  already  successfully  launched 
on  the  market. 

A  large  amount  of  engineering  work  is  to  be  done  in  the  future 
in  establishing  the  purity  of  water  supplies.  An  enthusiastic  sanitary 
engineer  recently  remarked  to  the  w-riter  that  the  time  w^as  near  at 
hand  w^hen  public  opinion  would  require  that  all  surface  supplies 
must  l>e  filtered.  That  this  is  no  idle  prediction,  is  being  realized  by 
sanitary  engineers  everywhere,  and  much  earnest  an<l  careful  study 
is  being  given  to  the  elimination  of  water  IxDrne  pollution  as  a  menace 
to  the  public  health. 

John  W.  Alvord,  Chairman. 
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were  asked  to  make  a  proposition  to  the  city  that  they  would,  if  neces- 
sary, advance  this  $20,000  and  receive  the  money  back  in  water  at  a 
certain  fixed  reasonable  price.  This  they  did,  and  the  proposition 
was  duly  accepted  by  the  City  Council.  This  provided  for  the  $20,- 
000  in  case  the  revenues  are  not  sufficient. 

The  year  before  last  we  put  in  about  9,000  ft.  of  12-in.  mains  to 
go  up  on  the  bluff  districts  and  reinforce  old  mains  that  had  ceased 
to  be  effective,  to  give  them  service  up  there,  and  they  will  answer 
the  purpose  for  some  time. 

It  might  be  interesting  to  say  that  we  have  been  in  such  a  con- 
dition that  we  have  not  been  able  to  put  up  money  for  even  small 
extensions  of  mains  in  new  territory.  The  city  owning  the  water 
works,  it  did  not  look  quite  fair,  having  put  in  and  paid  for  water 
mains  of  all  kind  in  the  city,  to  change  the  system  by  puttuig  in 
water  mains  by  special  assessment  and  have  property  owners  pay  for 
them  and  then  go  on  and  pay  for  the  water  they  used.  So  this  plan 
was  adopted.  The  Council  passed  an  ordinance  providing  that  in  the 
future  every  property  owner  should  have  a  rebate  on  his  water  rent, 
equal  in  amount  to  any  sum  he  might  have  paid  on  special  assess- 
ment on  water  mains.  Whatever  his  bill  amounted  to  he  got  his 
money  back  in  rebate  until  he  had  received  the  whole  amount  Then 
under  these  conditions  we  lay  the  mains  by  special  assessment.  It 
was  the  only  way  we  could  lay  a  sufficient  amount  of  water  mains. 
We  have  let  our  contracts  for  the  necessary  work  and  I  hope  we  shall 
get  it  done  in  good  time,  then  I  shall  be  glad  to  show  it  to  you. 

Mr.  T.  W.  Snow  :  While  on  this  subject,  we  might  touch  a 
little  on  whether  the  distribution  of  water  should  come  under  the 
general  construction  of  water  works  plant  or  whether  it  should  be  by 
special  assessment.    We  have  already  touched  a  little  upon  that. 

President  :  This  will  come  up  in  connection  with  a  discussion 
which  is  on  our  program :  ** Present  improvement  laws  of  the  State 
of  Illinois." 
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have,  by  reason  of  tlie  decision  by  which  the  City  Council  may  re- 
duce the  water  rates  until  only  a  "fair  return*'  is  given,  as  was 
decided  in  the  Rogers  Park  and  Danville  cases. 

You  cannot  go  to  bond  buyers  or  banks  anywhere  now  and  say 
that  you  have  a  water  works  proposition  and  want  to  sell  the  bonds. 
They  will  ask  you,  "What  State  is  it  in?"  and  when  you  reply  that  it 
is  in  Illinois,  they  will  tell  you  they  cannot  consider  it.  They  want 
to  be  sure  they  will  have  their  money  back ;  and  unless  they  are  sure 
of  getting  it  l>ack  they  prefer  something  else  in  the  shape  of  an  in- 
vestment. 

One  of  the  recent  cases  that  has  come  up  in  Iowa  has  resulted  in 
a  decision  of  the  State  Supreme  Court,  in  which  it  has  been  held  that 
a  city  can  bond  itself  for  a  water  works  plant  without  that  bond  issue 
being  considered  as  part  of  the  general  indebtedness  of  the  city,  but 
the  case  was  also  carried  up  in  another  form  in  the  circuit  court  of 
the  United  States  and  passed  on  at  St.  Louis,  and  a  decision  was 
handed  down  contrary  to  the  decision  of  the  State  court.  Of  course 
the  case  will  get  into  the  supreme  court. 

I  think  things  cannot  go  on  much  longer  in  this  way.  Many 
propositions  come  in  to  engineering  offices  from  smaller  places  which 
want  water  works  plants  and  want  to  be  told  how  to  finance  them. 
Nothing  can  be  done  for  them  under  the  present  decision  of  the 
courts. 

President  :  In  my  address  which  was  read  yesterday,  when 
only  a  few  were  here,  1  touched  on  that  question,  and  was  very  brief. 
I  only  took  up  tlie  sewer  question,  not  meaning  to  say  there  were  not 
others,  and  instead  of  theorizing  I  simply  followed  our  exj)erience 
in  one  case,  although  I  gave  it  generally,  but  it  is  an  exact  history  of 
a  case  we  had  in  our  city.  We  are  a  little  differently  situated  at 
Moline,  perhaps,  than  most  cities.  (J)ur  main  sewer  is  a  storm  water- 
way and  sewer  combined,  and  a  very  large  one,  8  ft.  diameter.  We 
have  several  sub-districts,  perhaps  more  than  most  towns.  We 
have  these  sub-mains  to  a  great  extent  already  in  and  fortunately, 
we  have  succeeded  in  keeping  them  about  where  they  belonged.  We 
have  these  mains  and  they  are  in  practically ;  some  of  them  the  city 
put  in  out  of  the  general  fund. 

In  order  to  present  some  of  the  troubles  I  wrote  the  following : 

The  discussion  of  the  present  improvement  laws  should  be  very  interest- 
ing to  many  of  us,  as  all  classes  of  cities  have  discovered  serious  defects  in 
the  law  as  it  applies  to  them.  In  the  class  of  cities  under  25,000  inhabitants, 
the  law  seems  to  be  satisfactory  as  regards  paving,  and  other  improvements  of 
the  surface  of  the  streets,  but  it  has  been  found  practically  impossible  to 
secure  the  signature  of  the  owners  of  one-half  the  frontage  along  the  lines 
of  a  proper  sewer  district,  for  the  reason  that  some  portion  of  the  main  sewer 
is  almost  always  very  expensive  and  the  property  owners  along  the  expensive 
portions  of  the  main  object  to  signing  a  petition  for  a  sewer  that  will  not  in- 
clude the  lateral  and  cheaper  portions,  and  the  property  owners  along  the 
laterals  and  cheaper  portions  wait,  hoping  that  the  property  owners  of  the 
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erty  owner  was  expected  to  pay  according  to  the  amount  of  proj>erty 
he  possessed.  I  think,  however,  that  since  special  assessments  have 
been  general  this  has  been  found  a  desirable  method  of  apportioning 
cost.  A  piece  of  vacant  property  which  would  have  a  very  low 
assessed  valuation,  may  be  benefited  by  any  improvement  just  as 
much  as  or  more  than  the  improved  piece  of  property  next  to  it.  In 
making  the  distribution  of  cost,  then  the  peculiar  conditions  con- 
nected with  the  work  must  affect  our  distribution.  Take  for  in- 
stance water  mains,  w-hich  is  perhaps  more  nearly  a  general  improve- 
ment than  anything  we  can  suggest.  It  seems  to  me  that  a  consider- 
able part  of  the  cost  of  the  water  mains  should  be  borne  by  the  prop- 
ertv  owners  on  some  basis  of  benefit,  rather  than  on  the  basis  of 
valuation,  enough  at  any  rate  to  pay  for  the  cost  of  the  ordinary  size 
of  water  mains,  say  a  6-in.  main. 

Take  pavements.  It  was  formerly  thought  that  because  the  im- 
provement was  used  by  the  public,  therefore  the  public  should  pay 
for  it.  It  is  true  the  public  uses  it,  but  the  paving  improves  the 
property,  making  it  more  desirable.  Even  if  a  man  who  owns  a 
piece  of  property  does  not  have  a  horse,  or  use  a  wagon,  he  does 
employ  merchants  and  delivery  men  in  bringing  goods  to  his  house. 
In  appearance,  in  permanency  and  quality  of  surroundings,  and  in 
other  ways,  the  property  is  materially  benefited.  In  general,  benefits 
are  sufficient  to  warrant  a  considerable  tax  by  special  assessment, 
and  the  portion  properly  collected  by  this  method  must  depend  upon 
the  local  conditions. 

However,  whatever  we  may  think  is  the  ideal  system  we  are 
hampered  in  this  State  by  our  constitution  and  laws.  The  limitations 
make  it  very  difficult  at  present  to  put  in  public  works  of  importance 
in  this  State.  There  must  be  a  great  demand  for  the  improvement 
and  the  town  or  city  must  be  in  a  progressive  condition  to  undertake 
it.  I  think  we  can  all  agree  that  something  ought  to  be  done,  and 
that  Illinois  is  too  progressive  a  State  to  allow  the  present  law  to 
continue  without  modification.  The  passage  of  a  general  law  which 
would  provide  for  raising  an  adequate  sinking  fund  would  be  helpful. 
If  it  was  easy  for  cities  to  raise  an  extra  tax  for  the  payment  of  their 
bonds,  they  would  be  in  shape  to  do  something  at  some  future  time. 


The  Absorption  Test  for  Paving  Brick — Talbot. 
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Fig.  2  shows  the  relative  wear  on  the  two  sides  of  the  same 
brick.  The  averages  agree  very  closely.  The  variations  due  partly 
to  accidental  conditions  of  the  test,  such  as  one  brick  projecting  a 
little  above  the  next,  or  a  hard  brick  being  next  to  a  soft  one,  but 
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principally  to  the  fact  that  bricks  may  have  imperfections  on  one  edge 
which  are  not  found  on  the  other. 

Fig.  3  gives  a  comparison  of  the  resuUs  of  the  rattler  test  and  the 
absorption  test  for  medium,  over-burned  and  soft  grades  of  Clinton 
block.  Fig.  4  gives  a  comparison  of  the  rattler  and  absorption  tests 
for  medium  and  soft  Veedersburg  block. 

An  inspection  of  the  plates  will  show  that  the  brick  selected  are 
fairly  uniform  if  the  amount  of  wear  is  to  be  used  as  the  criterion, 
while  there  is  much  more  variation  even  for  the  best  brick  if  we  con- 
sider the  absorption  test. 

In  general,  however,  the  absorption  test  for  the  soft  brick  shows 
much  higher  results  and  gives  greater  loss  in  the  rattler  than  the 
medium  burned  brick,  so  much  so  that  it  may  be  said  to  be  indicative 
of  the  quality  of  the  brick.  On  the  other  hand,  the  absorption  test  for 
the  hard-burned  brick  averages  almost  exactly  the  same  as  that  for 
the  medium  or  best  brick.  For  example,  the  average  for  the  medium 
Clinton  block  is  1.2  per  cent.,  while  that  for  the  over-burned  block  is 
1 .0  per  cent. 

It  may  be  stated  that  the  loss  by  the  Talbot- Jones  method  for  the 
soft,  medium  and  liard  Clinton  averages  8.44,  4.02  and  15.90  per 
cent.  The  soft  brick  thus  loses  nearly  twice  as  much  as  the  medium, 
and  the  over-burned  nearly  four  times  as  much  as  the  medium  brick. 
Similar  ratios  were  found  for  Terre  Haute,  Veedersburg  and  Dan- 
ville brick.  This  marked  difference  in  the  losses  in  the  different 
grades  of  brick  is  quite  a  contrast  to  the  slight  variations  found  in 
testing  the  same  grades  of  brick  by  the  standard  rattler  method,  the 
loss  in  such  cases  for  the  poorer  brick  being  only  from  10  to  20  per 
cent,  more  than  the  loss  for  the  best  brick. 

In  conclusion  the  following  statements  may  be  made : 

T.  For  the  grades  of  brick  tested  the  absorption  test  reliably 
determines  the  softer  and  less  burned  grades  of  brick,  and  is  useful 
w^hen  the  average  porosity  for  the  well-burned  brick  is  known. 

2.  The  al>sorption  tests  have  no  value  in  determining  over- 
burned  brick,  no  change  in  porosity  evidently  taking  place  after  the 
point  of  prof>er  vitrification  has  been  reached. 

It  must  be  borne  in  mind,  as  has  been  understood  for  some  time, 
that  brick  with  a  coarse  fibre  will  have  a  different  absorption  rate 
from  a  fine  grained  brick,  and  that  the  process  of  annealing  has  so 
great  an  influence  that  it  may  modify  the  effect  of  porosity. 

It  may  be  stated  in  further  explanation  of  the  statement  that  tlie 
Talbot-Jones  test  as  used  gave  too  great  an  impact  effect,  that  experi- 
ments are  now  in  progress  to  determine  a  charge  of  shot  and  a  speed 
which  it  is  hoped  will  make  this  test  more  reliable  and  discriminating 
than  any  test  now  in  use. 


Cbment  Concrete  for  Street  Paving  Foundations. 
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RELATIVE  STRENGTH  AND  COST    OF    NATURAL  AND 

PORTLAND  CEMENT  CONCRETE  FOR  STREET 

PAVEMENT  FOUNDATIONS. 


DISCUSSION. 


Prof.  A.  N.  Talbot  :  I  suggested  this  topic,  and  have  here  a 
little  information  relating  to  it.  It  is  known  that  pavements  settle 
over  old  excavations  much  more  than  we  should  really  expect  them 
to.  In  the  pavements  in  Champaign,  depressions  have  occurred 
where  sewers  were  put  in  several  years  in  advance  of  the  pavement. 
On  a  pavement  made  with  Portland  cement  concrete,  using  a  coarse 
sand  (locally  called  gravel)  and  no  broken  stone  (i  part  Portland 
cement  to  7  parts  gravel ) ,  no  depressions  are  found.  But  over  similar 
trenches  next  to  it,  on  the  natural  cement  concrete,  the  pavement 
shows  bad  holes.  Excavation  through  this  Portland  cement  concrete 
showed  a  concrete  of  superior  strength,  and  it  was  decided  to  make 
tests  to  find  the  relative  cost  and  strength  of  different  mixtures  of 
pavement  concrete.  The  work  was  done  by  Mr.  Gearhart,  who  has 
been  for  some  years  pavement  inspector  for  Champaign.  The  costs 
have  been  worked  out  by  him,  and  the  results  are  interesting  and  in- 
structive. In  arriving  at  the  costs,  gravel  and  sand  were  taken  at  90 
cents  per  cubic  yard;  broken  stone,  $1.40  per  cubic  yard;  Utica 
cement,  55  cents,  and  Portland  cement.  $2.65  per  barrel. 

Concrete. 
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Pavimg  Brick  Cbmbnt  Filler. 
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With  R  taken  at  351  lbs.  per  sq.  in.,  a  brick  beam  6x4  inches, 
18  inches  between  supports,  loaded  in  the  middle,  will  carry 
1248  lbs. 

A  brick  beam  4x10^  inches,  24  inches  between  supports,  load 
in  middle,  2160  lbs. 

R  =  -  ^—  =  452  lbs.  per  sq  in. 

With  R  taken  at  452  lbs.  per  sq.  in.,  a  brick  beam  6x4  inches, 
18  inches  between  supports,  loaded  in  the  middle,  will  support 
2416  lbs. 
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livered  at  the  plant  after  each  rainfall,  the  amount,  being  something 
like  2,000.000  gallons  per  day  for  as  much  as  20  to  30  hours. 

The  City  Council  was  notified  that  the  catch  basins  should  be 
removed,  as  they  were  in  every  case  a  violation  of  the  city  ordinances, 
but  after  several  ineflFectual  attempts  it  was  found  impossible  to  dis- 
cover and  remove  all  of  these  connections  and  the  matter  was  finally 
compromised  by  building  a  by-pass  around  the  plant  so  that  all  the 
overflow  above  the  maximum  capacity  of  the  plant  was  emptied 
directly  into  the  lake.  This  overflow  was  constructed  to  deliver  as 
much  storm  water  as  possible  through  the  plant  before  passing  any 
direct  to  the  lake,  and  thus  the  plant  received  all  the  storm  water 
that  it  could  care  for.  This  was  at  first  believed  to  be  detrimental, 
but  close  observation  seemed  to  show  that  no  serious  harm  was  done. 
Indeed  for  a  week  after  a  heavy  rainfall,  the  plant,  and  especially  the 
septic  tank,  appeared  to  be  in  better  condition  than  ever.  Very  little 
suspended  matter  at  such  times  was  carried  over  on  to  the  beds.  The 
first  rush  of  storm,  however,  was  apt  to  carry  over  more  suspended 
matter  than  was  desirable  for  a  few  minutes. 

I  think  that  this  illustrates  what  I  have  often  noticed  before, 
that  the  more  dilution  that  can  be  provided  for  sewage  the  better, 
providing  the  flow  is  reasonably  uniform.  All  diluted  sewage  seems 
to  be  more  easily  handled  than  concentrated  sewage,  and  even  a  tem- 
porary amount  of  dilution,  covering  only  a  period  of  from  20  to  30 
hours,  is  in  many  respects  better  than  the  necessity  of  constantly 
treating  a  concentrated  sewage.  It  should  be  remembered  in  this 
case,  however,  that  after  the  first  rush  entered  the  tank,  the  flow  of 
storm  water  was  quite  uniform  during  all  the  period  in  which  it  was 
passing  through  the  tank.  This  would  not  be  the  case  were  storm 
water  permitted  to  enter  tanks  in  the  usual  manner. 

I  cannot  help  feeling  therefore  that  a  limited  amount  of  storm 
water,  such  as  is  often  permitted  to  enter  septic  tanks  in  ordinary 
English  practice,  does  not  seriously  injure  their  action,  after  the 
first  few  moments  of  the  rush. 

Mr.  B.  J.  AsiiLEV :  Concerning  the  admission  of  storm  waters 
into  the  small  septic  tank  which  I  had  in  operation  at  my  residence 
for  over  twelve  years,  my  experience  was  that  the  storm  water  gave 
it  an  occasional  cleansing,  and  prevented  the  "mat''  from  becoming 
hard.  The  septic  action  of  the  common  residential  waste  that  daily 
entered  the  tank  was  not  in  the  least  disturbed,  as  far  as  I  could  dis- 
cover. This  storm  water  came  into  the  tank  through  the  overflow  of 
the  cistern.  During  my  experience  as  chief  engineer  at  Zion  City, 
111.,  I  built  several  tanks  of  a  capacity  ranging  from  160  gallons  to 
5.000  gallons  in  which  no  storm  waters  were  admitted  and  I  did  not 
discover  any  better  action  in  these  tanks  than  I  did  in  my  private  one. 

Mr.  T.  S.  McClanahan  :  I  am  at  the  present  time  putting  in 
at  Monmouth  a  plant  large  enough  to  accommodate  350,000  gallons. 
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SKWACK  Pl'RIFICATlOX  PLANTS  FOR  SUMMER 

COTTAGES. 


\\\  JOHN    \V.  ALVORI). 


The  inijKjrtancc  of  j)roviding  adequate  and  proper  sanitary  ar- 
rangements for  cottages  in  summer  resorts  cannot  be  overestimated 
when  it  is  considered  how  rapidly  such  resorts  have  grow^n  in  the 
last  few  years  and  how  closely  crowded  together  cottages  are  in  most 
cases.  The  American  i)eoplo  are  turning  their  attention  to  summer 
homes  in  large  numbers  and  one  of  the  first  in<|uiries  ufKDn  which 
they  wish  to  l)e  assured  is  that  they  shall  have  pure  water  and  proper 
sanitary  arrangements.  l^'ailure  to  provide  these  two  essentials 
(especially  important  in  country  life)  is  to  deprive  the  summer  re- 
sort of  its  greatest  benefit  to  the  tired  city  worker. 

Investments  in  sununcr  resort  ])roperty  are  generally  made  on 
the  basis  of  the  least  |x^ssible  expenditure  consistent  with  comfort- 
able living,  and  it  is  too  often  the  case  that  sanitary  arrangements 
are  not  perfect,  or  are  left  to  the  neighborhood  pluml>er.  If  there  is 
no  sewer  system,  and  generally  there  is  not,  the  plumber's  idea  of 
sanitation  will  revert  to  the  old  idea  of  cesspool,  which  will  prove  in 
almost  every  case  to  be  a  nuisance. 

Ft  is  with  the  idea  that  modern  improvements  in  the  septic  tank 
and  subsequent  filtration  can  be  adapted  for  summer  resort  cottages 
where  sewer  systems  are  impracticable  and  the  soil  of  a  p)orous 
nature  that  the  design  shown  by  the  accompanying  illustration  has 
been  made.* 

The  flush  closet  may  be  situated  within  the  cottage  or  in  a  build- 
ing attached  to  it  as  may  be  desired.  It  is  not  a  part  of  the  design 
except  to  show  its  general  arrangement.  The  plant  pro|>er  is  ar- 
ranged so  as  to  utilize  materials  which  may  readily  come  to  hand,  as 
far  as  possible.  Three  oak  casks  such  as  are  ordinarily  used  for 
vinegar  may  be  purchased  at  second-hand  and  when  arranged  as 
shown  in  the  drawing  will  form  the  septic  tank,  the  anerobic  filter, 
and  the  flush  tank.  The  inlet  to  the  septic  tank  should  terminate  at 
about  the  center  of  the  septic  tank  as  shown,  and  should  be  ventilated 
with  a  I -inch  pipe  conveniently  located.  From  the  septic  tank  the 
sewage  will  flow  through  a  short  connection  to  the  anerobic  filter, 
which  should  consist  of  an  oak  cask  buried  with  its  side  down. 
Across  the  bottom  of  the  cask  should  be  laid  a  grating  of  sticks  of 
sufficient  strength  so  that  the  filtering  material  may  rest  upon  them, 


*Thc  cut  is  from  an  article  de^tcribinir  this  system  in  Engineeringr  Newp,  July  2, 1908. 
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plug  fits,  which  is  removed  by  being  fastened  to  a  stick  coming  to  the 
surface  of  the  ground.  This  will  drain  the  casks  below  the  level  of 
the  cast  iron  pipe  and  prevent  any  trouble  from  freezing  during  the 
winter. 

The  flush  tank  consists  of  a  cask  sawn  in  half  and  covered  with 
plank  as  shown.  A  good  3-inch  cast  iron  siphon  should  be  set  in  the 
bottom.  This  is  really  the  most  expensive  item  connected  with  the 
plant  and  upon  its  regular  action  will  largely  depend  the  success 
which  the  plant  will  show.  The  flush  tank  will  fill  and  empty  in 
proportion  as  the  closet  is  used  and  probably  will  be  discharged  at 
least  twice  a  day  in  ordinary  cases.  The  outlet  of  the  siphon  is  con- 
nected with  a  line  of  ordinary  farm  tile,  the  grade  of  which  in  porous 
soils  should  be  awav  from  the  flush  tank  at  the  rate  of  about  0.2  foot 
in  100  feet.  If  laid  in  fine  sand  the  joints  of  the  farm  tile  should  be 
surrounded  with  coarse  gravel  or  tar  paper  to  prevent  the  sand  from 
entering  the  tile.  In  localities  where  the  ground  is  not  sufficiently 
porous,  greater  length  of  tile  should  he  laid,  but  in  fairly  porous  soils 
about  one  foot  of  tile  ought  to  be  laid  for  every  gallon  of  sewage 
passing  through  the  plant  in  24  hours. 

In  very  stiflF  and  impervious  soils  a  trench  should  be  dug  two  or 
three  feet  below  the  level  of  the  tile  and  underdrained  to  some  out- 
let in  the  vicinity.  The  trench  should  then  be  filled  with  coarse  sand 
and  gravel,  beginning  with  the  gravel  at  the  bottom.  The  discharg- 
ing tile  should  then  be  carefully  laid  as  heretofore  described.  The 
top  of  the  trench  may  be  then  covered  with  soil  and  no  difficulty 
ought  to  be  experienced  with  over  saturation. 

The  total  expense  of  the  plant  here  shown,  not  including  the 
closet  or  closet  bowl,  will  be  about  $25,  although  this  will  vary  in 
diflferent  localities  depending  upon  the  porosity  of  the  soil,  the  cost 
of  the  materials,  labor  and  other  items. 
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effect  of  even  small  differences  in  diameter  is  noticeable.  Students  of 
hydraulics  will  recognize  the  importance  of  losses  due  to  contractioD 
of  section  and  enlargement  of  section,  particularly  when  they  are 
repeated  every  2  or  3  ft.  of  the  length  of  the  sewer.  That  this  effect 
is  not  peculiar  to  pipe  sewers  may  be  seen  by  a  reference  to  the  fail- 
ure of  a  large  water  works  steel  conduit  to  carry  within  40  per  cent 
of  its  expected  discharge  because  account  had  not  been  taken  of  the 
loss  due  to  rivet  heads  and  to  the  change  of  section  caused  by  the 
plates  being  placed  alternately  inside  and  outside.  This  failure  was 
a  lesson  to  hydraulic  engineers. 

Few  careful  observations  on  flow  in  pipe  sewers  have  been  made. 
Experiments  by  the  writer  on  a  well-laid  and  clean  i8-in.  pipe  sewer 
on  a  grade  of  i  in  i  ,000  indicate  that  a  flow  larger  than  that  found 
by  Kutter's  formula  with  n=.oi5  cannot  be  relied  on  and  that  with 
much  fungus  growth  on  the  walls  n  may  run  as  high  as  .020.  Other 
observers  report  similar  results,  all  data  going  to  show  that  n=.oi5 
is  as  low  a  value  as  can  ])e  expected  for  pipe  sewers  18  ins.  diameter 
and  larger.  Clean  and  well-built  brick  sewers  of  24  to  36  ins. 
diameter  give  a  flow  approximating  n=-.oi5.  Larger  brick  sewers 
give  n=.oi3  and  sometimes  even  less. 

So  far,  then,  as  the  writer  can  judge,  large  pipe  sewers  orduiarily 
well-laid  cannot  be  relied  on  to  give  a  discharge  larger  than  that  of 
ordinarily  well-built  brick  sewers  of  the  same  diameter.  Whether 
they  give  as  much  is  an  open  question.  It  is  out  of  the  question  to 
claim  the  largely  increased  capacity  which  pipe  manufacturers  give. 
In  this  opinion  the  writer  is  upheld  by  many  engineers  who  have 
considered  this  matter.  It  should  be  stated  here  that  the  smaller 
sizes  of  pipe  sewers  give  velocities  higher  than  those  found  by 
Kutter's  formula.  The  flow  in  pipe  sewers  is  worthy  of  extended 
experimental  work,  but  the  su])ject  is  attended  with  difficulties  which 
are  not  easilv  overcome. 
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owned  unless  he  takes  it  for  granted  that  John  Smith  gave  him 
what  he  was  entitled  to?  Jones  must  certainly  have  a  deed  which 
describes  his  property,  and  the  surveyor  must  have  seen  the  same, 
for  without  it  he  would  not  know  where  to  begin  or  end  his  survey. 
The  caption  of  the  plat  would  be  accepted  in  the  abbreviated  lorm, 
as  it  in  a  measure  identifies  the  block  the  property  is  situated  in ;  bat 
the  surveyor's  certificate  should  describe  the  same  fully  as  conveyed, 
so  as  to  completely  identify  it.  Had  the  surveyor  described  the  prop- 
erty as  deeded  in  his  certificate,  or  designated  upon  the  exterior  lines 
of  the  subdivision  their  location  with  reference  to  any  particular  es- 
tablished block  line,  it  would  have  enabled  the  next  surveyor  to  re- 
trace the  work  of  the  first  one,  and  also  to  know  what  part  of  block 
has  been  left  unsubdivided. 

It  is  conceded  that  in  making  a  survey  of  a  lot  in  a  subdivision 
(government  or  otherwise)  it  is  required  to  locate  the  lot  comers 
where  the  original  stakes  or  monuments  were  placed,  and  it  is  the 
duty  of  the  surveyor  who  makes  a  subdivision  to  describe  the  land  he 
has  surveyed,  and  give  the  location  of  his  initial  point  or  points. 

If  the  property  is  described  by  metes  and  bounds  as  part  of  a 
lot,  block  or  quarter  section,  the  surveyor  should  describe  it  so ;  and 
he  should  show  upon  the  plat  the  location  of  the  starting  point  with 
reference  to  the  nearest  comer  of  the  lot,  block  or  quarter  section. 
He  should  also  show  any  additional  information  that  may  help  to 
restore  any  of  the  comers  if  obliterated. 

If  the  subdivision  has  a  Congressional  description,  being  part 
of  a  quarter  section,  the  surveyor  should  give  the  lengths  of  all  the 
lines  of  that  quarter  section.  If  it  became  necessary  to  survey  the 
section,  he  should  give  the  lengths  of  all  the  lines  measured  by  him; 
also  show  whether  the  quarter  corners  are  in  a  straight  line  between 
the  section  corners.  In  this  way  a  great  help  would  not  only  be  given 
future  surveyors  in  retracing  the  old  subdivision  lines,  but  would 
also  benefit  the  property  owner,  and  in  a  measure  prevent  disputes 
and  law  suits. 

The  platting  and  recording  of  the  angular  measurements  to 
perpetuate  the  direction  of  bearings  of  the  principal  lines  of  a  sub- 
division is  an  important  consideration  in  any  well  executed  plat. 
The  manner  of  recording  such  measurements  where  the  space  on  the 
plat  will  permit  of  it,  is  to  place  the  exact  angle  made  by  the  inter- 
secting lines  near  such  intersection  in  a  manner  which  will  clearly 
and  neatly  indicate  the  angular  variation  of  the  lines.  At  times  the 
data  upon  the  plat  will  appear  to  better  advantage  if  the  courses  are 
designated  by  bearings  from  a  tme  or  assumed  meridian.  Bearings 
from  a  tme  meridian,  although  desirable,  are  practically  out  of  the 
question,  except  in  rare  instances  where  the  extra  time  and  expense 
can  be  given  to  the  correct  determination  of  a  tme  meridian.  For 
all  ordinary  description  for  plats  or  deeds  an  assumed  meridian  can 
be  used  as  a  base  for  bearings,  but  reference  should  be  made  in  the 
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Some  twenty  years  ago  I  had  the  honor  of  being  a  member  of 
the  Michigan  Engineering  Society.  In  every  county  in  the  state 
there  were  plats  on  record  so  deficient  in  details  of  description,  dis- 
tances, and  so  forth,  that  it  was  next  to  impossible  to  make  resurveys 
of  them.  The  Michigan  Society  took  up  this  question  and  appointed 
a  committee  of  its  members  to  devise  a  plan  that  would  insure  the 
making  of  good  and  sufficient  plats.  The  committee  prepared  a  plan 
which  was  adopted  by  the  State  Legislature  and  which  is  the  best 
law  that  I  know  of  relating  to  plats. 

The  original  plat  was  required  to  be  drawn  on  muslin  back  paper 
18x24  inches  in  size  and  on  a  scale  of  not  more  than  200  feet  to  the 
inch.  The  plat  was  required  to  show  subdivisions  of  the  section  in 
which  it  was  situated,  and  all  distances,  ties  and  other  information 
necessary  to  enable  a  resurvey  to  be  made.  The  original  plat,  when 
executed  by  the  surveyor  and  the  owners,  and  before  it  could  be  re- 
corded by  the  county  register  of  deeds,  was  sent  to  the  Auditor 
General  of  the  State,  who  carefully  examined  it.  If  in  his  judgment 
it  conformed  to  the  law,  he  affixed  his  certificate  of  approval  thereto 
and  returned  it  to  the  owners,  who  could  then  have  a  copy  of  the 
plat  made  and  certified  to  by  the  surveyor  and  the  Register  of  Deeds, 
which  copy  was  placed  on  file  in  the  Register's  office.  A  third  copy 
of  the  plat,  showing  the  date  of  its  filing  in  the  Register's  office,  was 
then  made  and  placed  on  file  in  the  office  of  the  Auditor  General. 
After  all  this  was  done  the  owner  was  allowed  to  sell  lots  in  his  sub- 
division. This  law  placed  the  making  of  plats  throughout  the  entire 
State  under  the  supervision  of  the  Auditor  General.  This  is  a  far 
wiser  plan  than  to  leave  it  to  the  local  Register  of  Deeds,  w-ho, 
though  in  most  instances  a  person  of  intelligence  and  ability,  yet  is 
frequently  without  such  a  thorough  knowledge  of  land  descriptions 
as  would  enable  him  to  properly  judge  of  the  sufficiency  of  a  plat. 

When  the  law  went  into  effect  it  made  a  whole  lot  of  trouble 
for  some  of  the  incompetent  makers  of  plats.  They  had  no  end  of 
bother  trying  to  get  their  plats  through  the  Auditor  General's  office. 
I  should  say  right  here,  that  it  was  largely  owing  to  the  efforts  of 
the  then  deputy  Auditor  General,  Mr.  H.  R.  Pratt,  one  of  the  most 
careful  and  precise  (as  well  as  persistent)  men  I  ever  knew,  whose 
rigid  inspection  of  plats  and  strict  enforcement  of  the  law,  made  that 
law  a  success.  I  believe  Mr.  Pratt  is  no  longer  living,  but  his  mem- 
ory is  certainly  cherished  by  the  older  members  of  the  Michigan 
Engineering  Society,  for  the  faithfulness  with  which  he  performed 
his  part  of  the  work.  The  Michigan  law,  has,  I  think,  never  been 
surpassed  by  any  other  state.  The  State  of  Mississippi  has  a  law  in 
some  respects  like  the  Michigan  law,  but  lacking  some  of  its  import- 
ant points. 

President:  I  think  the  trouble  with  some  of  our  early  sur- 
veyors was  that  they  followed  the  law  literally.  The  law  then  and 
now  says  that  the  surveyor  should  put  a  stone  as  a  permanent  menu- 
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In  surveying  and  resurveying,  the  practice  I  have  inaugurated  is  tc 
place  a  concrete  monument  at  every  block  comer  where  we  have 
made  surveys.  I  use  4-inch  sewer  pipe  and  concrete,  setting  the 
pipe  with  bell  end  up  and  filling  it  with  concrete.  Before  the  sur- 
face of  the  concrete  has  set,  a  neat  cross  is  impressed  in  the  surface 
by  a  surveyor's  tally  pin.  The  surface  is  also  impressed  with  a  brass 
stamp  bearing  the  word  *'Block,"  and  another  stamp  bearing  the 
word  "Comer."  The  number  of  the  block  is  also  stamped  in  by 
brass  cement  stamps,  using  the  proper  combination  of  the  numbers 
from  o  to  9.  After  the  concrete  has  thoroughly  set,  these  blocks  are 
placed  at  the  corners  where  the  temporary  wooden  stakes  were 
placed,  and  the  comers  are  thus  permanently  and  intelligently 
marked. 

Presidknt  :  We  have  each  found  that  a  certain  kind  of  monu- 
ment bests  suits  the  local  conditions.  In  our  city  of  Moline  we  have 
found  an  iron  stake  the  most  convenient.  The  dimensions  I  have 
used  is  a  |-inch  round  iron  bar  alxDut  3  feet  long;  that  is  a  monument 
that  is  easily  set  and  can  be  easily  reset.  It  is  inexpensive  in  first 
cost  and  inexpensive  to  set.  It  can  be  driven  almost  as  easily  as  a 
wooden  stake,  and  can  be  lowered  or  raised  as  the  case  may  be,  and 
when  we  grade  a  certain  portion  of  the  street,  we  dig  a  hole  and 
place  this  monument  at  the  new  grade  before  any  excavation  is  done. 

Mr.  W.  M.  Hay  :  I  have  a  resolution  that  was  drawn  up  by  the 
Committee  on  Surveying.  It  is  the  outcome  of  a  discussion  yester- 
day on  the  subject  of  "Plats,"  and  in  our  judgment  the  present  law 
upon  plats  is  not  sufficiently  strong. 

RESOLUTION. 

Resolved,  That  it  is  the  opinion  of  the  Illinois  Society  of  En- 
gineers and  Sur\^eyors  that  the  present  law  in  relation  to  "Plats" 
should  require  the  surveyor's  certificate  to  contain  a  correct  descrip- 
tion of  the  land  subdivided  and  that  permanent  monuments  of  stone, 
iron  or  equally  durable  material  l>e  required  to  be  set  by  the  surveyor 
in  number  equal  at  least,  to  the  numl)er  of  angles  in  the  exterior 
boundaries  of  the  land  subdivided. 


THE  MICHIGAN  LAW  ON  PLATS. 

( Note  by  the  Secretary. ) 

As  definite  information  respecting  the  Michigan  law  relating  to 
Plats  will  be  of  interest  in  connection  with  the  foregoing  discussion, 
I  wrote  Mr.  F.  Hodgman  (the  Secretary  of  the  Michigan  Engineer- 
ing Society)  in  regard  to  it.  It  appears  that  the  original  statute  of 
1885  was  not  promoted  by  the  Michigan  Engineering  Society,  and 
was  not  known  to  the  Society  until  it  was  passed.  The  Society  took 
it  up  later,  and  had  it  pretty  well  revised  in  1887.    As  it  now  stands 
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PLATS  FOR  BUILDING  IN  CITIES  AND  TOWNS. 


DISCUSSION. 

Topic— **The  advisability  of  requiring  owners  of  property  in 
cities  or  towns  who  arc  about  to  build,  to  furnish  a  plat  of  survey 
together  with  their  building  plan  to  the  commissioner  or  head  of 
department  whose  approval  of  building  plan  is  required. 

Mr.  Wm.  p.  Fkkxky:  The  point  in  view  at  the  time  the  sug- 
gestion was  made  to  make  this  matter  a  subject  of  discussion  was, 
that  if  owners  of  lots  were  required  to  furnish  plats  of  surveys  to- 
gether with  building  plans  to  the  building  commissioner  or  head  of 
department  who  approve  building  plans  in  those  cities  or  towns  which 
require  the  approval  of  such  plans,  it  would  have  a  tendency  to  lessen 
the  complications  and  disputes  arising  over  property  lines.  In  other 
words,  it  would  re([uire  the  lot  owner  to  have  a  survey  made  before 
he  could  build.  One  of  the  principal  causes  of  disputed  lot  lines  is 
that  owners  of  lots  attempt  to  survey  and  locate  their  own  lots.  For 
instance,  take  a  man  who  owns  a  lot  in  the  center  of  a  block  that 
contains  20  lots  of  25  feet:  supix)se  he  is  250  feet  from  the  comer 
of  the  block,  which  corner  is  determined  by  a  stake  or  something  he 
can  be  satisfied  with.  He  will  suppose  that  all  that  is  necessary  is 
to  get  a  good  steel  tape  and  measure  down  250  feet.  lie  may  pos- 
sibly measure  it  twice  to  be  certain  that  he  is  right.  In  a  year  or  two 
perhaps  his  neighbor  will  want  to  build,  and  if  he  is  a  sensible  man 
he  will  call  in  a  surv^eyor.  The  surveyor  will  measure  from  block  line 
to  block  line  carefully  and  very  likely  will  find  a  shortage  or  a  sur- 
plus over  the  recorded  distances.  This  he  will  divide,  and  con- 
sequently differ  from  the  line  estal)lished  by  the  first  lot  owner. 
Litigation  and  a  law  suit  follows ;  the  surveyor's  time  is  taken  up, 
the  public's  time  is  taken  up,  and  is  very  likely  to  make  hard  feelings 
between  the  lot  owners.  Then  again,  take  it  where  original  corners 
are  found.  We  know  that  stakes  found  in  the  ground  five  or  six 
years  after  a  subdivision  is  made,  are  not  always  found  w^here  placed. 
Driving  over  them  and  frost  have  a  tendency  to  push  them  one  way 
or  another,  so  that  the  stakes  at  lot  corners  will  often  show-  i  inch  or 
2  inches  more  or  less  than  the  record. 

I  believe  that  if  a  law  of  this  kind  could  be  passed,  not  neces- 
sarily by  the  State,  but  by  the  cities  and  towns,  civil  engineers  located 
in  these  diflferent  cities  and  towns  could  use  their  influence  with  the 
Councils  if  they  felt  disposed  to  do  so,  and  have  them  pass  an  order 
that  would  require  the  furnishing  of  plats  of  surveys.  This  plan 
would  help  building  commissioners  in  examining  building  plans  to 
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President  :  I  think  he  is  thrown  out  any  way.  In  regard  to 
this  topic  under  discussion,  if  there  are  twenty  lots  in  a  block,  it  either 
calls  for  twenty  surveys  or  one  survey  to  cover  all  the  ground  and 
be  placed  on  record  where  the  architects  can  obtain  it. 

Mr.  Clark  :  I  would  like  to  ask  how  much  margin  to  allow  in 
lOO  feet  in  a  change  of  temperature. 

Mr.  Feeney  :  About  i  inch  per  lOO  feet  is  the  allowance  for 
each  30  degrees  change  in  temperature. 

President  :  Of  course  if  a  steel  tape  is  tested  and  certified,  that 
certificate  is  for  whatever  temperature  the  test  was  made,  under.  Now 
say  you  use  100- foot  tape,  there  is  a  certain  temperature  at  which 
these  tapes  are  made  standard. 

Mr.  Feeney:  Experiments  made  covering  a  number  of  years 
has  developed  that  each  30  degrees  of  change  is  equivalent  to  an 
expansion  or  contraction  of  i  inch  to  100  feet.  Some  tapes  are  ad- 
justed for  60  degrees,  others  for  65  degrees  temperature,  even  tapes 
made  by  the  same  manufacturer.  My  own  work  I  reduce  for  a 
temperature  of  60  degrees. 
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We  have  a  wealth  of  vakiable  data  relating  to  the  State's  physi- 
ography which  is  practically  useless  to  us  in  its  present  chaotic  con- 
dition. The  work  of  the  United  States  Coast  and  Geodetic  Survey, 
the  United  States  Lake  Survey,  the  Mississippi  River  Commission 
and  of  the  United  States  Geological  Survey  is  not  easily  accessible 
because  of  the  difficulty  of  assembling  it.  The  usefulness  of  railway 
and  other  lines  of  levels  of  more  or  less  accuracy,  but  with  different 
datum  planes,  is  also  much  diminished  for  want  of  a  reduction  to  a 
common  base.  Much  of  this  material  is  available  and  can  be  utilized 
in  the  proposed  work  and  made  to  serve  the  public  in  an  entirely 
practical  way. 

Mr.  H.  M.  Wilson,  when  discussing  public  uses  of  topographic 
maps  in  his  ** Manual  on  Topographic  Surv'cying,"  says : 

"The  whole  system  of  making  successive  special  surveys  or  maps 
for  every  new  need  is  one  of  the  most  wasteful  in  our  present  public 
practice,  nor  can  it  be  otherwise  until  one  survey  shall  be  made  that 
answers  all  important  official  uses. 

"The  amount  of  money  that  has  been  expended  in  making  small 
maps  of  numerous  cities  and  villages  would  have  mapped  on  a  gen- 
eral scale  many  times  the  area  of  the  country. 

"Even  when  we  have  these  special  maps  they  do  not  fully  an- 
swer the  purpose  for  w-hich  they  were  intended,  as  they  only  show 
the  small  area  included  within  the  immediate  plan  of  operations. 

"The  value  of  a  stream  for  economic  purposes  cannot  be  fully 
ascertained  by  an  examination  of  the  stream  at  the  point  from  which 
it  is  to  be  used,  but  the  drainage  basin  from  which  it  derives  its 
supply  should  be  surveyed  and  the  area  and  slopes  be  known. 

"A  good  topographic  map  not  only  shows  the  relations  between 
the  natural  and  artificial  features  in  the  immediate  neighborhood 
under  consideration,  but  it  shows  the  relations  of  these  to  the  sur- 
rounding country." 

GENERAL  FEATURES  OF  A  TOPOGRAPHIC  MAP. 

Ordinary  maps,  as  w-e  know,  take  account  of  the  horizontal  ex- 
tent of  the  country,  locating  objects  according  to  their  latitude  and 
longitude.  Topographic  maps  also  show^  these  features,  but,  in  addi- 
tion, indicate  the  relief  of  a  country,  showing  the  elevation  of  the 
whole  surface  alx)ve  sea  level,  affording  opportunity  for  comparison 
of  its  different  parts.  The  slopes  and  shapes  of  the  surface  forms 
and  all  differences  of  elevation  are  indicated  by  lines  of  equal  eleva- 
tion, called  contour  lines,  with  an  interval  which  is  determined  by 
the  limitations  of  the  scale  of  the  map.  The  500-foot  contour  line, 
for  example,  passes  through  all  points  that  are  500  feet  above  sea 
level  and  represents  what  the  shore  line  would  be  if  the  sea  were 
raised  500  feet. 

The  National  Government  has  for  many  years  been  publishing 
such  maps  through  the  topographic  department  of  the  United  States 
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52,215  square  miles.  At  $8  per  square  mile,  the  total  cost  of  the 
survey  would  be  $417,720.  Half  of  this  amount  would  be  expended 
by  the  United  States  Geological  Survey,  leaving  $208,860  as  cost  to 
Illinois  for  a  complete  topographic  map  of  the  State.  The  co-operat- 
ing expense  to  the  State  ceases  upon  completion  of  the  final  draw- 
ings made  for  the  engraver,  the  Geological  Survey  bearing  the  ex- 
penses of  engraving  and  publication. 

It  would  be  controlled  horizontally  by  a  system  of  primary  trian- 
gulation  (developed  from  the  various  accurate  triangulation  sur- 
veys already  made  within  the  State)  and  by  primary  traverse,  and  in 
this  connection  one  exact  horizontal  position  in  every  10  square  miles 
would  be  established ;  and  vertically  by  a  system  of  leveling  whose 
maximum  limit  of  error  on  main  lines  would  be  6  inches  to  100  miles. 
In  connection  with  this  branch  of  work  at  least  one  permanent  bench- 
mark, with  elevation  marked  to  nearest  foot,  w'ould  be  set  in  each 
township  or  equivalent  area,  and  at  least  one  recorded  bench-mark  of 
less  permanent  character  in  every  three  square  miles. 

The  work  would  be  published  in  atlas  sheets,  each  of  which 
would  cover  an  area  of  land  about  14  by  17  miles,  or  one-quarter 
degree  each  way.  Where  a  city  is  divided  by  a  meridian,  a  special 
sheet  is  printed  with  the  city  in  the  center. 

Public  culture,  which  includes  the  exact  plan  of  every  road,  lane, 
path,  railway,  street,  dam,  public  boundary,  name,  etc.,  is  printed  in 
black. 

The  hydrographic  or  water  features  are  printed  in  blue,  and  in- 
clude all  lakes,  rivers,  streams,  swamps,  marshes,  reservoirs,  springs, 
etc. 

The  relief  or  surface  fonns  are  printed  in  brown,  including  the 
shapes  of  the  hills,  valleys,  and  ravines,  their  elevations  and  de- 
pressions, and  the  slopes  of  every  rise  or  fall  in  the  surface  of  the 
land. 

The  topographic  maps  produced  by  co-operative  surveys  are  en- 
graved on  copper  and  printed  from  stone,  and  exemplify  the  highest 
type  of  map-making. 

The  co-operating  States  have  the  benefit  of  this  publication  with- 
out further  expense,  and  the  residents  of  the  States  as  well  as  officials 
may  purchase  the  maps  at  the  rate  of  5  cents  per  sheet  or  $2  per 
hundred  sheets.  This  nominal  charge  is  made  by  act  of  Congress  to 
avoid  expense  due  to  indiscriminate  distribution  of  the  maps. 

ADVANTAGES  TO  THE  STATE   IN    CO-OPERATION. 

The  advantages  of  co-operation  with  the  United  States  Geo- 
logical Survey  are  so  apparent  that  it  seems  hardly  necessary  to  re- 
peat in  detail  what  appeared  in  my  paper  on  this  subject  presented 
to  the  Society  two  years  ago.  With  the  Federal  Cxovernment  bearing 
half  the  expenses  of  field-work  and  practically  all  the  expenses  of 
administration  and  the  publication  of  the  completed  maps/ and  fur- 
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PEOPLE  AND  INTERESTS  BENEFITED. 

While  this  proposed  work  is  advocated  at  the  present  time,  prin- 
cipally by  scientific  societies,  educators,  professional  and  business 
men,  its  benefits  will  not  be  confined  to  those  classes. 

The  committee  of  the  Ohio  State  Academy  of  Natural  Sciences, 
in  its  report  to  the  General  Assembly  of  Ohio  upon  a  ^'Topographic 
Survey  of  Ohio,"  said : 

**The  pupils  and  teachers  in  every  school  district  in  the  State  will  be 
benefited  by  having  a  full  map  of  their  own  district  at  a  cost  of  two  cents  a 
sheet.  In  present-day  teaching  the  study  of  geography  and  of  nature  begins 
about  home  with  the  outdoor  method.  In  some  States,  as  New  Jersey,  every 
school  in  the  State  is  supplied  with  a  full  set  of  the  topographic  maps  of  the 
.State,  to  the  great  advantage  of  home  work.  All  educational  and  scientific 
work  up  to  the  highest  university  courses  will  be  greatly  aided  by  having 
these  maps  as  a  base  for  recording  statistics  and  observations  of  every  kind. 

"Agriculturists  and  land-owners  will  be  benefited  by  having  the  relation 
■of  all  farms  and  houses  to  the  slopes  and  water  drainage  of  the  region  cor- 
rectly mapped.  Bottom  lands  and  hill  lands,  with  their  differing  soils  and 
.adaptability  to  different  crops,  can  be  distinguished  by  the  eye,  and  future 
record  of  soil  analyses,  temperatures,  moistures,  etc.,  which  our  agricultural 
experiment  station  is  making,  can  be  placed  upon  them,  to  the  great  advantage 
of  farming  industries  in  every  county  in  the  State.  The  timbered  area  will 
be  shown ;  and,  the  survey  being  impartial,  the  maps  will  be  of  advantage  to 
Jand-buyers  and  to  land-sellers. 

"All  who  use  country  roads  and  desire  their  improvement  will  be  bene- 
fited. Farm  wagons  and  pleasure  carriages  cannot  l)e  dispensed  with,  and  the 
bicycle  and  automobile  are  creating  a  new  urgency  for  the  improvement  of 
highways. 

"Mining  and  quarrying  interests,  so  far  as  they  are  affected  by  the  sur- 
face features  of  the  State,  will  be  immediately  benefited.  But  this  advantage 
is  preliminary  to  the  possible  greater  advantage  that  will  lie  in  the  geologfic 
•maps  which  will  follow  the  topographic  maps  at  the  expense  of  the  United 
States  Geological  Survey.  Upon  these  will  be  shown  the  coal,  ore,  building 
stone,  and  the  like,  with  their  true  depth  and  distribution. 

'Town  and  city  people  will  be  benefited  in  their  sanitary  engineering 
problems,  such  as  providing  for  an  unpolluted  water  supply  and  for  the  dis- 
posal of  sewage.  The  water-courses  involved  are  all  correctly  mapped  and 
the  flow  of  water  is  gauged.  Not  only  will  the  preliminary  expense  of  sur- 
veys for  public  works  be  very  materially  reduced,  in  many  instances  entirely 
saved,  with  an  equivalent  saving  of  taxation,  but  the  liability  of  costly  mis- 
takes will  be  greatly  lessened  by  the  full  information  which  is  so  easily 
.accessible. 

"Engineers,  surveyors,  and  all  whom  they  serve  will  l>e  benefited  by  the 
fixed  monuments  scattered  all  over  the  State,  showing  position  and  elevation 
above  the  sea  and  furnishing  definite  starting  points  for  all  private  surveying. 
By  using  these  all  private  surveys  will  be  connected  into  one  system,  and  this 
will  be  important  when  cadastral  maps  are  constructed  as  a  basis  for  the  cor- 
rect assessment  and  taxation  of  land  to  give  boards  of  equalization  a  fuller 
knowledge  of  the  situation  and  quality  of  lands  than  they  could  otherwise 
possess.  Also  the  most  favorable  locations  for  reservoirs,  pumping  stations, 
conduit  lines,  electric  roads,  steam  railways,  factories,  canals,  and  all  large 
•enterprises  that  give  life  to  business  can  be  seen  and  suggested  by  such  maps. 

"Geologists,  biologists,  physiographers,  and  all  investigators  who  work 

in  outdoor  science  will  be  stinmlated  to  redouble  their  activities  by  these  maps. 

The  laws  that  govern  the  <iistribution  of  plants  and  animals,  and  even  the 

^dwellings  of  men,  can  he  better  traced  and  understood  if  the  maps  are  made. 
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before  suggesting  or  insisting    upon    detailed    features  of  super- 
structure. 

If  we  are  willing  to  do  this  and  each  make  a  personal  effort  to 
place  the  matter  in  a  clear  light  before  the  public  and  its  representi- 
tives  at  Springfield,  I  believe  provision  for  the  work  of  a  topographk 
survey  of  Illinois  can  be  made  and  operations  begin  during  the 
coming  spring — a  work  which,  when  completed,  will  reflect  the  great- 
est cr^it  upon  the  people  of  our  Commonwealth  and  present  to  the 
public  a  map  equal,  if  not  superior,  to  any  yet  produced  by  sister 
States. 

DISCUSSION. 

Mr.  John  C.  Quade:  I  should  like  to  ask  in  just  what  shape 
that  bill  is  to  be  presented ;  what  steps  have  been  taken  and  will  be 
taken  to  present  it  in  proper  form  to  the  Legislature. 

Mr.  Herron  :  I  am  not  thoroughly  informed  as  to  just  what 
has  been  done  recently.  I  believe  there  has  been  some  consultation 
in  various  parts  of  the  State  in  regard  to  it. 

Mr.  J.  M.  Quade  :  I  wish  to  state  in  regard  to  the  maps,  a 
catalogue  can  be  secured  indexing  all  these  maps.  They  can  be  had, 
as  stated  by  Mr.  Herron,  for  5  cents  per  sheet,  or  $2  per  hundred 
from  the  United  States  Geological  Survey. 

President:  I  suppose  most  engineers  are  aware  that  the 
government  issues  a  great  quantity  of  that  material,  and  if  your 
Congressman  will  request  it,  the  Department  will  send  you  notice 
from  time  to  time  when  that  material  is  about  to  be  got  out,  with  the 
prices.  The  prices  are  nominal,  a  few  cents  usually,  and  this  matter 
is  very  interesting. 

Mr.  Quade  :  I  think  that  most  of  the  documents  published  now 
are  placed  under  the  supervision  of  the  Superintendent  of  Docu- 
ments. I  have  obtained  a  number  of  documents  and  have  kept 
posted  on  those  coming  out,  and  a  good  many  of  the  publications 
which  the  government  is  getting  out  are  very  interesting  to  en- 
gineers. There  is  a  catalogue  published  monthly,  but  they  are  hard 
to  get  regularly.  If  you  cannot  get  any  particular  one  by  asking 
through  the  Superintendent  of  Documents,  you  can  get  them  through 
your  Congressman. 

President  :  By  the  request  of  your  Congressman  they  will  be 
sent  to  you  very  readily. 

Mr.  Quade:  But  they  will  not  do  it  regularly.  I  have  written 
several  times.  My  Congressman  wrote  that  they  were  figuring  on 
placing  them  on  sale  at  75  cts.  a  year,  but  there  are  only  a  limited 
number  of  these  publications  issued. 

Mr.  E.  E.  R.  Tratman  :  I  am  informed  by  an  officer  of  the 
Survey  that  a  series  of  descriptive  index  circulars  of  the  map  sheets 
have  been  prepared  and  will  be  sent  on  request. 
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to  show  at  a  glance  the  exact  status  of  the  company's  interest  in  the 
premises  exhibited  thereon. 

The  care  of  the  railway  right-of-way  is  an  important  part  of  the 
Land  Department's  work.  There  are  franchises  and  ordinances  to 
be  secured ;  right-of-way,  gravel  pits  and  borrow  privileges  pur- 
chased ;  highways  dedicated  or  changed,  claims  for  damages  to  land 
or  crops  investigated,  crossing  contracts  made  with  other  railway 
companies,  lands  leased  to  industries,  squatters  kept  off,  and  a  long 
catalogue  of  other  matters  to  be  looked  after. 

The  right-of-way  title  papers  are  kept  in  tin  boxes  holding  from 
60  to  100  deeds  each,  and  arranged  alphabetically  by  counties,  each 
State  having  its  separate  section  of  the  vault. 

The  deeds  are  filed  in  packages,  each  township  and  range  by 
itself,  and  the  deeds  in  the  several  packages  arranged  in  numerical 
order  by  sections.  There  are  a  few  exceptions  to  this  plan,  as  in 
large  cities,  where  the  deeds  are  filed  by  wards  or  other  convenient 
districts. 

The  maps  of  right-of-way  are  drawn  upon  mounted  eggshell 
paper,  usually  36  inches  wide,  and  averaging  a  ten-yard  roll  to  each 
county.  They  are  constructed  to  a  scale  of  500  feet  to  the  inch,  and 
show  the  company's  lands  outlined  in  accordance  with  the  descrip- 
tions in  the  deeds.  All  distances,  courses  and  references  are  noted 
in  full.  The  maps  are  colored  to  indicate  the  nature  of  the  owner- 
ship;  red  signifying  that  the  lands  are  owned  in  fee;  brown  denot- 
ing a  Ix^rrow  privilege :  yellow  that  the  title  was  gained  by  con- 
demnation proceedings ;  green  that  the  lands  are  owned  by  one  of 
the  proprietary  town  site  companies ;  blue  that  it  has  been  sold,  and 
so  on. 

The  maps  show  the  name  of  the  company's  grantor.  They  also 
show  the  kind  of  title  the  company  gained ;  that  is,  whether  a  war- 
ranty or  quitclaim  deed,  a  condemnation,  an  easement,  borrow  privi- 
lege, or  lease,  together  with  a  brief  note  of  any  conditions  limiting 
the  company's  title,  or  recjuiring  it  to  perform  specific  acts. 

These  maps  are  in  continuous  rolls,  by  counties,  and  are  kept 
in  pigeon  holes.  They  are  arranged  alphabetically  by  counties,  and 
in  sections  by  States,  in  the  same  manner  as  the  deeds.  Maps  of 
station  grounds,  and  of  right-of-way  through  cities  and  towns  are 
drawn  on  tracing  clotli  to  a  scale  of  100  feet  to  the  inch.  These 
show,  in  addition  to  the  right-of-way,  all  tracks,  buildings  and  other 
improvements. 

Permanent  right-of-way  maps  are  never  made  until  after  the 
lines  have  been  constructed.  In  the  building  of  new  extensions  it  is 
frequently  desirable  to  make  changes  in  the  alinement.  and  conse- 
quently in  the  right-of-way,  and  it  has  been  found  advisable  to  defer 
making  i>ermanent  maps  until  after  construction  is  completed.  A 
blue  print  of  the  location  map  is  used  in  the  meantime  to  show  the 
right-of-way,  and  such  changes  as  are  made  while  the  work  is  being 
done. 
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or  contract  number.  No  deed  is  delivered  to  the  purchaser  without 
first  having  the  proper  indorsement  thereon,  indicating  that  it  has 
been  so  shown  upon  the  maps.  The  deeds  for  lands  sold,  whether  of 
land  grant  lands,  town  lots,  or  portions  of  right-of-way,  are  con- 
secutively numbered,  and  entered  in  a  register  of  land  sales  which  is 
kept  on  the  same  plan  as  the  register  of  land  purchases. 

With  contract  sales,  where  the  entire  purcliase  price  is  not  paid 
at  once,  contracts  are  executed  in  duplicate,  one  for  the  Department 
files  and  one  for  the  purchaser.  These  are  numbered  in  the  same 
manner  as  deeds,  except  that  each  division  of  sales,  land  grant,  town 
site  or  miscellaneous,  is  given  a  separate  series  of  numbers,  and 
filed  separately.  Standard  foniis  of  deeds  are  used  for  land  grant 
and  town  site  sales,  and  it  is  not  necessary  therefore  to  make  copies 
of  such  for  the  files.  Dut  in  cases  of  sales  where  the  standard  forms 
cannot  he  followed,  the  deeds  are  copied  in  full  in  a  special  record 
book. 

Land  grant  lands  are  listed  by  forty-acre  tracts  or  government 
lots  in  tract  books,  with  columns  for  the  purchaser's  name  and  ad- 
dress, the  area,  the  price  paid,  date  of  sale,  and  the  deed  or  contract 
number. 

The  land  grant  maps  are  constructed  on  different  scales,  some 
showing  on  a  small  scale  (usually  half  inch  to  the  mile)  the  entire 
g-rant,  and  other  special  maps  which  show  portions  of  the  grant  on 
various  scales,  according  to  the  purposes  for  which  they  are  to  be 
used.  Township  diagrams  are  used  to  show  the  ownership,  and 
large  section  maps  to  show  the  kind  and  quantity  of  timber  on  the 
several  subdivisions,  i  Jcside  these,  there  are  sundrv  blanks  which  are 
filled  out  in  resjK)nse  to  recjuests  from  prospective  purchases,  and 
which  briefly  indicate  the  character  of  the  land  and  timber  thereon. 
At  every  station,  portions  of  the  station  grounds  are  leased  to  per- 
sons for  use  as  lumber  yards,  elevator  and  warehouse  sites,  or  for 
other  purposes  in  connectitjn  with  railway  business.  The  unplatted 
town  site  lands  are  leased  for  agricultural  purposes,  and  occasionally 
some  one  encroaches  with  a  l)uilding.  fence  or  garden.  Then,  to 
avoid  causing  any  hardship,  as  well  as  to  protect  the  company's  title, 
a  lease  is  made  of  the  grotnid  so  occupied,  unless  it  is  required  for 
other  purposes. 

Several  clerks  arc  kept  busy  writing  leases,  which  are  made  in 
duplicate,  usually  for  a  term  of  five  years.  They  are  numbered  and 
entered  in  a  record  book  in  much  the  same  manner  as  deeds,  and 
also  in  a  book  called  a  "tickler,"  which  is  divided  to  show^  the  year 
and  the  month  in  which  the  lease  expires. 

There  are  many  other  matters,  such  as  highway  and  railway 
crossings,  taxation  maps,  maps  required  by  law  to  be  filed  in  the 
Government,  State  or  county  offices ;  damages  for  overflow-ed  lands, 
questions  of  accretions  and  riparian  rights,  encroachments,  topo- 
graphical and  station  ground  surveys.  Attention  to  all  of  these  is 
the  particular  province  of  the  Land  Department. 
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at  Port  Simpson  on  Bute  Inlet.  There  will  then  be  a  direct  line 
owned  by  one  comj)any  from  Portland,  Me.,  and  Quebec.  Canada, 
to  the  Pacific.  The  Canadian  Northern  Ry.  has  been  looked  upon  as 
projecting  a  transcontinental  line,  but  this  is  likely  to  be  dropped  as 
a  result  of  the  action  of  the  (irand  Trunk  Rv. 

RAILWAY  IMPROVEMENTS. 

The  general  improvement  of  existing  railways  continues  to  be 
a  ver\'  important  feature  of  railway  work,  and  a  large  amount  of 
work  of  this  class  will  probably  Ixi  done  during  1903,  preparatory 
for  the  heavy  traffic  of  the  Louisiana  Purchase  Exhibition  at  Sl 
Louis  next  year.  This  improvement  work  includes  work  of  \try 
varied  character.  I'rom  reconstruction  of  stations  and  yards,  double 
tracking,  and  construction  of  concrete  and  steel  bridges  to  replace 
older  or  weaker  structures,  it  ranges  up  to  the  construction  of  diver- 
sions, cut-offs  and  i)ractically  new  lines  to  effect  improvements  in 
profile  and  alinement.  Many  of  these  extensive  and  costly  improve- 
ments are  undertaken  with  a  view  to  facilitating  trafHc  under  the 
modern  conditions  of  heavy  engines  and  heavy  trains. 

In  regard  to  work  of  this  kind  it  may  be  noted  that  on  the 
Northern  i*acific  Rv.,  wliicli  has  spciu  enormous  sums  of  nionev  in 
physical  improvements  to  the  line,  no  individual  small  work  of  this 
kind  is  now  undertaken  unless  it  forms  part  of  the  general  scheme  of 
improvement  over  a  lenjL^th  of,  say  500  miles.  In  some  of  the  earlier 
grade  reductions,  work  was  done  which  had  to  be  done  over  again. 
though  being  included  in  suhsecjuent  larger  improvements.  At  tlie 
present  time,  therefore,  long  stretches  of  line  are  taken  up  for  con- 
sideration, and  their  ])()ssihle  improvement  carefully  studied.  If 
found  desirable,  a  coni])Iete  scheme  covering  the  entire  length  is  sub- 
mitted. If  it  is  approved,  the  various  parts  of  the  work  may  be  done 
as  a  whole  or  piecemeal,  as  may  he  fcnnid  desirable,  but  they  will  all 
eventually  form  ]>art  of  the  complete  scheme. 

RAii.wAN'  sru\i:vs. 

A  subject  of  ])articular  interest  to  a  society  of  engineers  and 
surveyors  is  that  of  the  nietluxls  oi  carrying  on  railway  surveys  for 
reconnoissance  and  location,  and  your  Conmiittee  has  therefore  em- 
bodied in  its  rej)ort  the  followinj^  extracts  relating  to  this  subject, 
taken  from  a  i)aper  by  Mr.  Archibald  A.  Schenck.  Division  Engineer 
of  the  Chicago  &  Xortlnvestern  Ky..  which  was  read  before  the 
Western  Society  of  Kngineers  in  l)ecenil)er,  1902: 

A  well  defined  reconnoissance  or  systematic  examination  and  determina- 
tion, in  advance  of  in^trnniental  survey,  of  controlling  points  appears  to  be 
undertaken  by  few  roa(K  over  any  larg^c  area.  Apart  from  the  general  in- 
dications furnished  by  maps,  and  the  suppositions  of  farmers,  woodmen  or 
Indians,  but  little  preliminary  information  appears  to  be  gathered,  and  no 
general  determination  made  of  numerous  controlling  altitudes  and  positions, 
before  running  the  preliminary.     In  consequence,  the  running  of  preliminary 
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per  inch.  The  practical  results  when  the  location  was  run  in  with  compass 
were  found  as  good  as  if  the  preliminary  alignment  had  been  run  in  with 
transit.  The  saving  of  time  in  setting  up,  lightness  in  the  compass  when 
carried  in  rough  timber,  and  the  saving  by  setting  only  at  alternate  turning 
points  where  grade  line  was  ahead,  nearly  doubled  the  rate  of  advance.  In 
one  respect  the  work  was  safer  than  transit  work  unchecked  by  compass,  as 
no  error  would  be  carried  beyond  its  own  course,  as  with  transit  work,  and 
affect  increasingly  all  subsequent  work. 

The  end  area  method  of  computation  for  earthwork  has  been  found  in  use 
on  most  roads;  the  prismoidal  method  on  very  few  roads.  The  middle  areas 
were  computed  and  entered  in  the  books  in  red,  on  the  latter  roads.  The  use 
of  the  end  area  method  was  supported  by  several  arguments.  It  was  held  to 
be  fully  legalized  by  custom,  as  in  many  similar  cases  giving  quantities  not  to 
exact  measure.  The  contractors'  habitual  prices  and  bids  and  profits  were 
held  to  be  based  on  quantities  so  determined,  and  that  any  reduction  in  average 
quantities  would  merely  in  time  increase  prices  with  no  ultimate  g^in  to  the 
companies.  Disputing  the  greater  correctness  of  prismoidal  methods  to  repre- 
sent quantities  was  based  on  topographical  reasons.  Surfaces  were  held  to  be 
almost  invariably  convex  in  cuts,  concave  under  fills,  making  actual  quantities, 
through  this  rounding  up  or  down  between  sections,  greater  than  actual 
prismoids ;  and  that  the  excess  by  end  area  method  met  these  quantities  which 
the  cross  sections  failed  to  secure.  Other  roads  introduced  actual  intermediate 
sections  between  the  stations  or  ground  change  sections,  reducing  the  excess 
from  end  area  methods  to  insignificant  errors.  Corrections  for  curvature  were 
rarely  made. 

In  regard  to  field  work  and  camp  arrangements,  nothing  except  an  over- 
bearing or  over-threatening  superior,  can  more  quickly  neutralize  the  com- 
pany's cash  expenditures  for  wages  and  convert  willingness  into  the  reverse, 
than  poor  equipment  and  supplies  when  the  company  agrees  to  furnish  them. 
Their  cost  (as  also  that  of  expense  accounts  on  settled  lines  of  roads)  does 
not  aggregate  much  compared  with  the  total  of  a  pay  roll ;  but  every  dollar 
spent  for  reasonable  subsistence  or  expenses  counts  double  generally  any 
dollar  on  the  pay  roll.  On  some  roads  a  special  commissary  agent  was  em- 
ployed for  large  camps,  relieving  the  engineer  of  all  camp  work  during  move- 
ment of  camp.  On  the  day  of  moving,  the  engineering  work  went  on  as  usual. 
The  party  rei)orted  in  the  evening  at  the  new  camp,  finding  the  evening  meal 
ready,  bedding  (of  boughs  or  otherwise)  arranged,  and  the  baggage  of  each 
man  placed  in  his  tent. 

The  limit  of  transportation  of  supplies  appears  to  have  been  often  over- 
looked, as  a  determining  factor,  reducing  engineers  to  very  low  diet,  and  con- 
tractors and  companies  to  very  low  treasuries.  In  a  country  where  food  for 
horses  grows  there  is  almost  no  limit  of  transportation.  Where  no  feed  grows, 
an  absolute  limit  exists.  The  pack  horse  generally  is  the  first  means  of  trans- 
portation of  supplies  in  large  quantities,  in  wild  countries.  Assuming  for  his 
food  a  minimum  of  20  pounds  per  day,  and  that  he  can  carry  200  pounds,  in  a 
round  trip  of  ten  days  he  will  eat  his  pack  off  his  back,  delivering  nothing. 
The  limit  is  a  time  limit,  the  distance  depending  on  trails  and  weather.  Ap- 
proximately an  average  of  50  miles  might  be  assumed  as  a  limit  in  a  country 
wMthout  feed,  for  delivery  of  substantial  quantities  of  goods  by  pack  horse. 
A  slow  method  of  storing  gradually  surplus  amounts  of  feed  along  the  route 
may  extend  the  distance  a  little,  at  large  expense.  When  pack  horse  limit  has 
been  reached,  it  is  necessary  to  await  the  advent  of  the  wagon  road. 

ELECTRIC  RAILWAYS. 

The  subject  of  long  distance  interurban  electric  railways  has 
been  discussed  in  former  reports,  and  our  convention  city  is  a 
terminal  point  upon  one  of  the  most  substantial  and  elaborate  of 
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THE  DUTIES  AND  WORK  OF  THE  CONSULTING  EN- 
GINEER TO  THE  RAILROAD  AND  WAREHOUSE 
COMMISSION,  STATE  OF  ILLINOIS. 


KY  FRANK  G.  EWALD. 


In  the  preparation  of  this  paper,  the  duties  and  work  of  the  Con- 
suhing  Engineer  to  the  Railroad  and  Warehouse  Commission  might 
be  described  in  one  sentence.  But  in  order  that  vou  mav  have  a  better 
understanding  of  the  nature  of  these  duties,  you  will  pardon  the  in- 
troduction of  such  references  to  the  Commission,  or  to  laws  applic- 
able to  their  duties,  which  may  l)e  pertinent  to  the  subject.  The 
legislative  Act  approved  April  13,  1871,  in  force  July  i,  1871,  pro- 
vides substantially  as  follows :  The  appointment  of  a  commission 
by  the  Governor,  to  l)e  known  as  the  Railroad  and  Warehouse  Com- 
mission, said  commission  to  be  comjx)sed  of  three  persons  who  shall 
hold  office  for  a  term  of  two  years,  or  until  their  successors  are 
appointed. 

Among  other  things,  this  Act  requires  every  railway  company 
incorporated  or  doing  business  in  this  State  to  submit  to  the  Rail- 
road and  Warehouse  Commission,  an  annual  report  for  each  fiscal 
year  ending  June  30,  showing  substantially  as  follows :  The  amount 
of  capitalization;  a  complete  statement  of  earnings  and  expenses;  a 
statement  of  all  mileage  owned  and  operated,  and  the  characteristics 
pertaining  thereto ;  a  detailed  statement  of  passenger  and  freight 
traffic  handled,  and  such  additional  statements  which  this  Act 
specifically  requires,  or  which  the  Commission  may  deem  proper. 

This  Act  also  requires  the  Commission  to  investigate  the  cause 
of  any  accident  on  any  railway  resulting  in  the  loss  of  life  or  injury 
to  person  or  persons,  which  in  their  judgment  shall  require  investiga- 
tion. 

It  also  authorizes  the  Commission  to  assume  general  sup>ervision 
over  the  physical  condition  of  all  railways ;  to  examine  into  the 
management  of  the  business  of  all  railways  and  warehouses  so  far 
as  the  same  pertain  to  the  relation  of  such  railways  and  warehouses 
to  the  public,  and  to  the  accommodation  and  security  of  persons  do- 
ing business  therewith  :  and  to  determine  whether  such  railway  com- 
panies and  warehouses  comply  with  the  laws  of  the  State  now  in 
force,  or  which  shall  hereafter  be  in  force  concerning  them. 

It  also  rcMjuires  the  Commission  to  submit  an  annual  report  to 
the  Governor  on  or  before  December  ist  of  each  year,  concerning  the 
operations  of  railways  and  public  warehouses  in  their  bearings  upon 
the  business  and  prosperity  of  the  people  of  this  State,  and  such  sug- 
gestions in  relation  thereto  as  to  them  may  seem  appropriate. 
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The  Act  approved  May  27th,  1889,  provides  that  after  July  ist 
of  that  year,  any  railway  company  desiring  to  cross  with  its  tracks 
the  main  tracks  of  another  railway  company,  shall  construct  the 
crossing  at  such  place  and  in  such  a  manner  as  will  not  unnecessarily 
impede  or  endanger  the  traffic  upon  the  railway  so  crossed.  In  case 
of  objection  to  the  place  or  mode  of  crossing,  either  party  may  apply 
to  the  Railroad  and  Warehouse  Commission,  whose  duty  it  shall  be  to 
view  the  site  of  the  proposed  crossing,  set  a  day  for  hearing  of  evi- 
dence, and  finally  give  a  decision  prescribing  the  place  and  manner 
in  which  such  crossing  shall  be  made.  In  such  cases,  the  Consulting 
Engineer  is  also  required  to  accompany  the  Commission  in  viewing 
the  site  of  proposed  crossing,  in  order  that  he  may  prepare  any  plans, 
submit  estimates,  or  furnish  an  opinion  concerning  any  engineering 
feature  in  connection  therewith,  if  called  upon  to  do  so. 

The  Act  approved  June  2,  1891,  provides  that  any  railway  com- 
pany whose  main  tracks  are  crossed  by  the  main  tracks  of  another 
company,  and  which  desires  the  crossing  to  be  protected  with  an 
interlocking  device,  may  petition  the  Railroad  and  Warehouse  Com- 
mission for  an  order  to  provide  such  crossing  with  a  complete  system 
of  signals  and  safety  appliances.    A  map  showing  the  location  of  the 
tracks  involved  must  accompany  the  petition.     All  the  railway  com- 
panies interested  are  duly  notified,  a  time  is  set  for  viewing  said 
crossing,  and  at  an  agreed  time  thereafter  the  case  comes  up  for 
hearing  before  the  Commission  and  a  decision  is  rendered.     Or,  if 
the  Commission  shall  from  information  contained  in  any  manner, 
have  cause  to  believe  that  any  such  grade  crossing  is  dangerous  to 
the  public  or  to  persons  operating  trains  over  same,  the  Commission 
may,  of  its  own  motion,  cite  the  several  railway  companies  owning 
or  operating  the  tracks  forming  such  crossing,  to  come  before  said 
Commission  at  such  time  and  place  as  may  Ix?  named,  and  show  cause 
why  such  crossing  should  not  be  provided  with  the  necessary  safety 
devices. 

In  either  case,  the  Consulting  Engineer  is  usually  called  upon  to 
accompany  the  Commission  in  viewing  such  crossings  also ;  in  order 
that  he  may  be  prepared  to  submit  engineering  information  in  con- 
nection with  the  case,  providing  he  is  called  upon  to  do  so.     After 
the  Commisssion  has  finally  promulgated  its  opinion  concerning  the 
installation  of  any  interlocking  device,  the  railway  companies  in- 
terested submit  in  duplicate  plans  of  the  proposed  interlocking  de- 
vice for  approval ;  or  such  plans  may  emanate  through  mutual  under- 
standing or  agreement  between  the  companies  interested  concerning 
any  crossing  which  they  desire  to  provide  with  a  system  of  signal 
and  safety  devices.    In  either  event,  the  plans  of  any  proposed  inter- 
locking system  must  receive  approval  before  the  w^ork  of  construction 
is  begun.     If.  in  the  opinion  of  the  Consulting  Engineer,  the  plans 
conform  to  the  requirements  adopted  by  the  Commission,  they  are 
duly  approved  and  the  duplicate  is  forwarded  to  the  representative 
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DISCUSSION. 

Mr.  E.  E.  R.  Tratman  :  One  point  that  suggests  itself  to  me  in 
.connection  with  Mr.  Ewald's  paper,  is  that  of  grade  crossings.  With 
the  development  of  the  electric  interurban  railway,  there  has  come  a 
irather  alarming  increase  in  railway  grade  crossings,  for  it  has  been 
too  often  assumed  that  the  grade  crossing  of  an  electric  road  with 
jsi  steam  road  is  much  less  dangerous  than  a  crossing  of  two  steam 
roads.  This  is  by  no  means  the  case,  for  the  electric  cars  usually 
xun  much  more  frequently  than  the  steam  trains,  and  therefore  the 
liability  of  accident  is  directly  increased.  Besides  this,  there  is  the 
liability  of  the  electric  car  losing  its  trolley  or  contact  while  on  the 
.crossing,  and  in  fact  there  are  numerous  dangers  incidental  to  these 
crossings.  In  view  of  the  fact  that  the  dangers  of  steam  railway 
grade  crossings  are  now  pretty  well  recognized,  and  that  vast  sums 
.of  money  are  now  being  spent  to  avoid  or  remove  such  crossings,  it 
is  not  reasonable  to  allow  the  increase  of  steam-electric  crossings  to 
;go  on  unchecked.  Of  course,  they  may  be  protected  by  interlocking 
plants,  but  even  if  the  new  electric  road  pays  all  the  cost  of  installa- 
tion and  operation,  it  is  not  always  right  to  require  an  old  established 
road  running  a  service  of  fast  trains  to  be  subject  to  the  liability  of 
laving  these  trains  checked  at  inconvenient  points  to  let  an  electric 
car  pass.  And  no  protection  of  a  grade  crossing  is  as  safe  as  the 
absence  of  that  crossing.  In  many  cases,  electric  roads  intending  to 
operate  a  high  speed  service  have  purposely  avoided  railway  grade 
^crossings  by  the  construction  of  viaducts,  bridges  and  subways ;  part- 
ly on  account  of  safety  and  partly  to  avoid  the  checking  and  stopping" 
of  their  cars  at  the  crossings.  This  might  be  done  in  many  more 
cases,  and  there  should  Ik?  some  power  to  compel  it  to  be  done  where 
j)ublic  safety  demands  it.  In  New  Hampshire  and  some  other  States, 
electric  railways  arc  empowered  to  purchase  land  for  the  avoidance 
of  grade  crossings,  so  that  they  may  turn  off  the  street  or  road  for 
this  purpose.  In  Connecticut,  the  law  forbids  grade  crossings  of 
electric  and  steam  railways.  In  Michigan,  the  Railway  Commission 
has  power  to  forbid  them,  and  exercises  this  power  freely.  The 
Aurora  and  Chicago  electric  railway  o])erates  cars  every  half-hour 
and  these  cars  run  at  40  to  50  miles  an  hour,  or  even  more.  This  is 
an  example  of  tlie  modern  interurban  electric  railway,  and  the 
dangers  of  grade  crossings  on  such  lines  are  evident. 

Mr.  J.  G.  Melluisii:  If  I  remember  the  paper  rightly,  Mr. 
Ewald  makes  some  reconmiendation  as  to  the  enlargement  of  the 
powers  of  the  Railway  and  Warehouse  Commission,  urging  some 
changes  of  the  law  or  revised  legislation.  I  have  an  acquaintance 
with  two  of  the  Commissioners,  and  I  know  of  one  or  two  sugges- 
tions they  would  like  to  have  embodied  in  the  law  regarding  rail- 
Avays,  that  is,  in  regard  to  grade  crossings  with  steam  roads  and 
-electric  roads,  by  requiring  them  to  be  at  different  grades,  having 
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^emplating  that  the  electric  railroad  men  lose  sight  of  the  greater  safety  of 
passengers  when  there  are  no  g^ade  crossings. 

Before  many  years  northern  and  central  Illinois  will  be  covered  with  a 
network  of  electric  lines,  doing  an  enormous  passenger  traffic  So  f ar  as  tbat 
traffic  is  concerned  the  electric  roads  are  already  formidable  rivals  of  the 
steam  roads,  which  do  not  carry  so  many  passengers  to-day  as  they  did  a  few 
years  ago.  The  electric  roads  combine  high  speed  and  lower  rates  of  hit 
The  steam  railroads  will  be  crossed  at  hundreds  of  points  by  the  future  dectrtc 
roads.  If  the  crossings  are  at  grade  there  inevitably  will  be  such  accidents  as 
there  have  been  in  this  city.  In  many  of  the  accidents  there  will  be  as  great  a 
loss  of  life  as  there  was  in  the  one  which  happened  recently  at  Newark,  N.  J.. 
where  seven  persons  were  killed  outright. 

If  the  general  assembly  does  not  see  fit  to  put  the  electric  roads  under  the 
jurisdiction  of  the  Railroad  and  Warehouse  Commissioners,  it  should  at  least 
enact  a  law  providing  that  no  such  road  hereafter  to  be  constructed  shall  cross 
a  steam  road  at  grade.  The  general  assembly  will  do  this  if  it  have  rq^ard 
for  human  life.  Accidents  are  continually  happening  at  guarded  city  i^ade 
crossings,  and  they  certainly  will  happen  at  ungtiarded  country  crossisigi 
Now  is  the  time  to  make  their  occurrence  impossible. — Chicago  "Tribune,' 
March  6,  1903- 

NO  more  grade  crossings. 

A  few  days  ago  The  Tribune  called  attention  to  the  need  of  legislation  to 
prevent  electric  interurban  roads  crossing  steam  railroads  at  grade.    A  cor- 
respondent sends  a  copy  of  a  resolution  adopted  by  the  Illinois  Society  of 
Engineers  and  Sur\'eyors  at  its  annual  meeting  held  a  month  and  a  half  aga  ' 
The  resolution  asks  the  general  assembly  to — 

"Give  the  Railroad  and  Warehouse  Commission  power  to  enforce  the 
elimination  of  crossings  at  grade,  both  of  existing  and  prospective  crossings  of 
steam  roads  with  steam  roads,  steam  roads  with  electric  roads,  electric  roads 
with  electric  roads,  and  that  the  cost  of  the  elimination  of  existing  grade 
crossings  which  the  commission  may  from  time  to  time  decide  to  abolish  should 
be  equitably  apportioned  between  the  railroads,  state,  and  town  or  city." 

It  is  gratifying  to  know  that  a  society  of  experts,  recognizing  the  dangers 
of  grade  crossings,  has  taken  the  matter  in  hand  and  is  exerting  its  influence 
to  prevent  the  establishment  of  death  traps  throughout  the  state.  It  is  not 
expedient,  however,  to  give  the  Railroad  Commission  power  to  abolish  exist- 
ing grade  crossings,  so  iPar  as  Chicago  is  concerned,  and  to  apportion  the  cost 
between  the  railroad*^  and  the  municipality.*  The  removal  of  grade  crossings 
is  a  matter  the  city  is  able  to  attend  to  and  is  attending  to  as  fast  as  it  can. 
It  has  induced  the  railroads  to  do  a  great  deal  of  track  elevation,  and  the  roads 
have  paid  all  the  bills — as  they  ought  to.  In  eastern  cities  the  roads  have  borne 
only  a  part  of  the  cost.  Here  the  practice  is  diflferent  and  will  continue  sa 
Chicago  does  not  need  the  services  of  a  railroad  commission  to  apportion 
expenses. — Chicago  "Tribune,"  March  12,  1903. 

*N.  B.— The  rcsolntion  refers  more  particularly  to  intomrban  lines.— Sbckbtakt. 
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and  this  is  probably  the  most  important  argument  we  have  in  favcr 
of  water  softening  processes  for  treating  the  water  before  it  is  de- 
livered to  the  engine. 

In  the  matter  of  train  resistance,  we  have  in  times  past  done 
more  or  less  work  on  the  subject  of  train  resistance  and  application 
of  resuhs  to  the  rating  of  locomotives.  Train  resistance  consists 
primarily  of  three  components :  First,  acceleration,  which  is  definite 
and  can  be  calculated ;  second,  grade  resistance,  which  also  is  definite, 
knowing  the  grade;  and  third,  friction,  which  is  a  compound,  com- 
posed of  a  good  many  factors  and  varying  with  a  good  many  con- 
<litions.  The  accompanying  table  shows  the  composition  of  train 
resistance : 


Acceleration  resistance,  depends  on  tonnage  only. 

Grade   resistance,  depends  on  \  20  P^"""**  ?«"■ '°°  «°^  1  Pe^ 

. ,„„  „„,„  *^  <      grade,  or  about  0.4  poui 

tonnage  only ]      iach  foot  of  grade 

Journal,  depends  on  design  and  lubrica- 
tion. 


Train 

Resistance. 


cent, 
pound  for 


Friction.    < 


Varies 
from  2Ji 

to  12 
pounds 
per  ton. 


Rolling,  depends  on  solidity  of  roadbed. 
<  Flange. 

iA.     Sliding  of   one   tread,    in 
each  pair,  on  the  rail. 
B.     Flange  friction. 

Side  bearings  and  center  plates  cause 
flange  friction. 

Wind    -  ^'     ^^^^^  against  body  of  car. 
'  (  D.     Flange  friction. 

A^o/i' — Flange  friction  consists  of  that  due  to  curves,  to  side  bearings  and 
center  plates,  and  to  wind,  etc 

I  also  present  a  (liaq;rani  showing  curves  of  friction  or  moving 
resistance  and  grade  resistance.  Horizontally  we  represent  the  tons 
per  car,  and  vertically  the  resistance  per  ton.  The  resistance  of  a 
car  at  any  given  s|)ee(l  decreases  as  the  weight  of  the  car  increases. 
In  a  lo-ton  car  we  might  start  with  6  pounds  per  ton,  and  drop  to 
2^  pounds  per  ton  for  a  6o-ton  car.  at  the  ordinary  freight  train  speed 
of  15  or  20  miles  an  hour.  These  are  just  general  figures.  Now  for 
the  purpose  of  using  that  information  in  rating  engines,  we  go  at  it 
something  like  this.  IMie  ])ull  of  the  engine  is  a  fairly  constant 
quantity,  and  in  making  an  engine  tonnage  rating  we  determine  what 
the  tractive  force  of  the  engine  may  he. 

After  detenuining  the  tractive  force  of  the  engine,  the  next 
problem  is  to  balance  this  with  just  sufficient  train  resistance  to  equal 
the  tractive  force.  The  grade  resistance  is  so  much  per  ton,  a  definite 
quantity  whether  in  empty  cars  or  loaded.  The  frictional  resistance 
varies  and  we  get  it  innu  these  curves.  We  get  up  tables  showing 
the  tons  that  will  make  the  same  total  resistance,  according  to  the 
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WORK  TRAIN  METHODS  AND  RECORDS  ON  THE  RIO 
GRANDE,  SIERRA  MADRE  &  PACIFIC  RY. 


BY  L.  P.  ATWOOD. 


In  view  of  the  general  interest  in  records  of  railway  work  and 
of  cost  of  work,  I  submit  a  copy  of  my  report  to  Mr.  John  B.  Ramsey, 
General  Manager,  covering  some  embankment  repairs  made  in  the 
fall  of  1902.  The  following  statements  will  suffice  to  explain  the 
report: 

1.  All  prices  are  in  Mexican  silver  dollars,  worth  40  cts. 

2.  Laborers  are  very  scarce. 

3.  Coal  costs  $11. 25  per  ton  of  2,000  lbs. 

4.  Men  worked  from  daylight  to  dark. 

5.  Flat  cars  30  and  34  ft.  long  are  taken  to  hold  8  and  10  cu. 
yds.  respectively  when  loaded  with  all  they  will  carry.  This  is  the 
result  of  previous  experience. 

6.  The  dirt  after  being  unloaded  is  left  for  section  gangs  to 
spread  and  dress,  which  is  a  small  item  in  this  work. 

7.  The  method  of  loading  and  unloading  with  the  same  gang 
was  followed  because  of  the  scarcity  of  labor  and  of  cars. 

In  tie-renewals,  since  July  i,  1902,  I  have  been  marking  all  new 
ties  with  dating  nails. 

WORK  TRAIN  RECORD:   SEPT.  II  TO  NOV.  3,  I902. 

Yardage  Distributed  on  Kilos. 

Kilo.   127 318  yds.  Kilo.    139 4530  yds. 

128 1356 

135 86 


« 
<l 


136 332 

137 640 

138 770 


140 2244  " 

141 1500  *• 

142 1202  ** 

"       143 1272  " 


Siding 1722 


tt 


« 


Total  yardage  I5»972 

Ave.  haul    (Kilos) 16.2 

Cost. 

Pay  rolls $2,533-99 

Train  service  (labor) 509.89 

Engine  service  (labor) 678.13 

Coal,  oil,  etc 2,061.99 

Tools,  use  of 22.67 

Total $5,806.67 

Cost  per  cu.  yd.  (cents)  36.36. 
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Percentages. 
Foremen  | 

Rustlingmen       > 10.50  per  cent. 

Clerical  ) 

Labor   33-io 

Train  service 8.75 

Engine  service 1 1.65 

Coal,  oil,  etc 35.45 

Tools,  use  of 55 


tt 


Total 100.00 

Days  Worked. 

Train   50 

Foreman,  at  $4.00 67*^ 

Foreman,  at     2.00 50 

Foreman,  at     1.50 50 

Rustlermen,      2.00 50 

Laborers,  1.25 i537i 

Water  boy,         .75 50 

Clerk    $30 

♦Waiting  for  tools.    Custom  house  delay. 

Miscellaneous. 
Loading i  pick  to  2  shovels- 
Unloading  All  men 

Laying  and  moving  pit  track 33  days  labor 

Ave.  no.  cars  per  train 16 


DISCUSSION. 

E.  E.  R.  Tratman  :  In  filling  trestles  on  the  Nashville,  Chatta- 
nooga &  St.  Louis  Ry.,  careful  account  has  been  kept  of  the  cost, 
and  in  a  paper  by  Mr.  I.  O.  W^alker  the  following  comparative  costs 
have  been  given : 

Cost  per  lin.  foot 
Length  Height  Filled  Rebuilt 

I : 576  ft.  46  ft.  $ $26.75 

2 490  ft.  48  ft.  29.11  

3 672  ft.  31ft.  7.38  8.75 

4 500  ft.  19  ft.  3.25  5.02 

5 856  ft.  23  ft.  5.10  5.77 

Mr.  Walker  estimated  that  trestles  under  25  ft.  in  height  can  be 
filled  as  cheaply  as  they  can  be  rebuilt,  considering  first  cost  only. 
It  is  true  economy  to  fill  trestles  less  than  50  ft.  in  height,  if  the 
waterway  does  not  present  exceptional  difficulties,  and  where  pipe  or 
a  small  culvert  can  be  used  the  showing  will  often  be  still  more 
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favorable  than  that  given  above.  Of  the  above  trestles,  Nos.  2,  3  and 
4  were  filled  by  the  steam  shovel,  at  10  to  14  cts.  per  cu.  yd.  No.  5 
was  filled  by  scrapers,  by  contract,  and  cost  14  cts.  per  cu.  yd.  No.  5 
costs  given  in  the  table  include  borrow  pits,  pulling  out  old  trestk, 
engineering,  and  also  the  hauling,  handling,  laying  and  spiking  of 
ties.  The  cost  of  pulling  out  the  old  timber  varies  from  12  cts.  per 
lin.  ft.  of  trestle  on  long  structures,  to  several  dollars  per  foot  for 
short  isolated  trestles. 


STABILITY  OF  EARTHWORK  PLACED  ON  OLD 

RAILWAY  BANKS. 


DISCUSSION. 


Mr.  L.  Z.  Jones  :  I  believe  I  suggested  that  subject,  not  that  I 
am  particularly  interested,  but  as  I  live  beside  the  Chicago,  Burling- 
ton &  Quincy  R.  R.  I  have  noticed  where  they  raised  their  grade 
about  17  feet  on  top  of  the  old  grade.  The  most  of  this  was  made 
of  yellow  clay  below  the  top  soil,  and  it  slid  away  sometimes  in  masses 
100  feet  long  after  lying  in  embankment  three  years,  and  one  place 
30  feet  long  in  an  embankment  47  years  old.  The  character  of  the 
filling  and  the  slide  is   shown    herewith.     This   clay  seems  to  have 


ew 


^a^ 


some  particular  properties  to  be  considered  in  engineering  work. 
The  ordinar)-  ** Because  the  book  says  so"  rules  do  not  apply.  It 
seems  to  be  devoid  of  sand.  When  dry  it  will  stand  vertically  in  the 
pit  so  that  the  steam  shovel  dipper  teeth  marks  and  the  letters  of  the 
workmen's  names  cut  with  a  jackknife  can  be  seen  for  three  years. 
In  a  spoil  bank  it  has  not  settled  in  47  years.  Yet  when  it  becomes 
wet  it  will  not  stay  where  it  is  placed,  and  even  in  the  side  of  a  cut 
with  a  I  to  I  slope,  where  it  has  been  undisturbed  since  the  creation, 
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a  little  rain  water  at  the  foot  of  the  slope  will  destroy  its  stability ;  a 
break  will  be  made  lengthwise  and  the  slope  settle  down  and  leave  a 
vertical  wall.  When  completely  settled  its  angle  of  repose  is  about 
the  same  as  that  of  still  water.  In  embankments  the  break  occurs 
along  the  line  where  the  ballast  slopes  deposit  an  excess  of  storm 
water. 

Mr.  J.  C.  Quade:  I  have  had  a  little  experience  with  clay  in 
the  vicinity  of  Kankakee.  This  case  is  about  twelve  miles  from  there. 
About  15  feet  of  earth  was  filled  in  with  yellowish  clay  on  top.  The 
foundation  below  stands  firmly  in  place.  The  filling  was  made  of 
clay  last  summer  after  the  rains,  and  for  at  least  100  feet  it  simply 
let  loose,  came  down  and  spread  out.  The  old  grade  was  solid,  the 
new  grade  was  comparatively  solid.  It  was  raised  two  or  three  feet 
with  gjavel,  but  as  it  got  wet,  both  sides  parted  and  one  side  fell 
down  12  feet,  so  straight  that  you  could  have  dropped  a  stone  straight 
down.  The  fill  was  17  feet  and  the  fall  away  was  about  12  feet  out 
of  the  17  feet.  It  simply  let  go  and  went  down  without  much  warning. 
It  cracked  and  with  the  gravel  work  on  top  the  rain  water  ran  over 
and  got  into  it  and  softened  the  whole  mass  and  it  would  not  stay 
anywhere. 
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THE  AURORA,  ELGIN  &  CHICAGO  THIRD-RAIL  ELEC- 
TRIC RAILWAY :  AND  OTHER  THIRD-RAIL 
INTERURBAN  RAILWAYS. 


BY  E.  E,  R.  TRATMAN. 


On€  of  the  most  modem  features  of  the  development  of  the  rail- 
way transportation  system  is  the  development  of  electric  railways  as 
long-distance  high-speed  lines.  These  interurban  railways  form  a 
distinct  class  of  their  own,  between  the  steam  railway  and  the  city  or 
suburban  *'street  railway,"  which  latter  is  in  these  days  generally 
operated  by  electric  power. 

The  city  of  Aurora,  in  which  our  Society  holds  its  annual  meet- 
ing for  1903,  has  the  distinction  of  being  connected  with  Chicago 
not  only  by  steam  railways,  but  also  by  an  electric  railway  of  the 
latest  type  of  what  are  classed  as  interurban  railways.  It  is  built 
along  its  private  right-of-way,  is  double  track  for  nearly  half  its 
length,  and  is  operated  on  the  third-rail  system  instead  of  on  the 
trolley  system.  In  addition,  it  is  designed  for  high-speed  service, 
but  it  is  as  yet  for  passenger  service  only.  As  railways  of  this  class  are 
becoming  so  numerous,  and  are  offering  almost  a  new  field  for  en- 
gineers, a  general  description  of  the  road  will  no  doubt  be  of  interest, 
and  the  following  particulars  are  compiled  in  part  from  personal  ac- 
quaintance with  the  road  and  partly  from  an  article  in  **Engineering 
News." 

The  railway  is  owned  by  the  Aurora,  Elgin  &  Chicago  Ry.  Co. 
of  Chicago.  The  Chief  Engineer  is  Mr.  Charles  Jones,  Mr.  E.  H. 
Arnold  was  Construction  Engineer,  and  Mr.  E.  Gonzenbach  was 
Electrical  Engineer.  The  headquarters  of  the  engineer  and  for  the 
operation  of  the  line  arc  at  Wheaton,  111. 

The  road  has  about  56  miles  of  main  line,  of  which  21 J  miles 
are  double  track.  The  side  tracks  bring  the  total  track  length  up  to 
80  miles.  The  distance  from  Chicago  (52d  Ave.  and  Harrison  St.) 
through  Wheaton  to  Aurora  is  33.3  miles ;  the  line  from  Wheaton  to 
Elgin  16.5  Miles;  and  the  Batavia  branch,  6  miles.  The  same  in- 
terests own  the  Elgin,  Aurora  &  Southern  Traction  Co.,  running 
north  and  south  and  connecting  the  two  western  terminals  of  the 
other  line.  This  has  70  miles  of  track,  of  which  37  miles  comprise 
the  interurban  line  between  Carpentersville  and  Yorkville,  while  the 
balance  consists  of  city  or  street  lines  in  Aurora  and  Elgin. 

The  line  is  operated  partly  by  trains  and  partly  by  single 
cars,  the  multiple-unit  system  being  adopted,  in  which  each  car  has 
its  own  motive  power,  but  all  the  motors  are  controlled  from  the 
head  of  the  train.     There  are  trains  in  both  directions  every  half 
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nected  by  crossovers  at  intervals  of  three  or  four  miles.  On  single 
track  there  are  passing  sidings  at  similar  intervals ;  these  sidings  are 
700  ft.  to  a  mile  in  length,  long  sidings  being  provided  at  curves  so 
as  to  provide  practically  double  track,  and  thus  give  greater  safety 
for  high  speed  running  at  some  points. 

The  conductor  or  third  rail  is  of  the  lOO-lb.  Am.  Soc.  C.  E.  sec- 
tion, in  33-foot  lengths,  and  is  of  much  softer  steel  than  the  track 
rails,  having  only  about  o.i  per  cent,  carbon.  The  object  of  this  is 
to  give  greater  conductivity,  but  as  the  softer  steel  rusts  and  cor- 
rodes much  more  quickly  than  the  harder  steel,  the  third  rail  is 
painted  with  a  cheap  asphalt  paint,  thinned  with  gasoline.  This  rail 
is  carried  by  insulating  supports  on  the  ties  (every  fifth  tie  being 
of  extra  length).  At  road  grade  crossings  the  third  rail  is  cut;  the 
last  rail  is  dropped  2  ins.  in  its  length  and  has  its  end  fitted  with  an 
incline  24  ins.  long  to  raise  the  contact  shoes  of  the  cars  into  place. 
The  ends  of  the  rails  are  connected  by  cables  laid  under  the  crossings. 
Single  cars  will  drift  over  the  crossings,  but  trains  (and  even  single 
cars  at  short  crossings)  will  have  the  front  shoe  again  in  contact 
before  the  rear  shoe  has  left  the  rail.  As  all  the  car  lamps  go  out 
when  the  car  is  going  over  a  road  crossing,  experiments  are  to  be 
tried  with  an  overhead  wire  at  the  crossing  and  a  transverse  wire 
low  above  the  roof  of  the  car.  There  is  no  room  for  storage  batteries 
or  gas  tanks  on  the  cars.  At  switches  and  crossovers,  the  third  rail 
is  depressed  so  as  to  clear  the  shoes  of  cars  on  the  turnout.  If  this 
was  not  done  the  rail  would  have  to  be  cut,  and  cable  connections 
used,  as  at  road  crossings,  which  would  be  inconvenient. 

The  right-of-way  is  fenced  with  woven  wire  fencing,  and  all 
highw-ay  grade  crossings  are  fitted  with  cattle-guards  of  vitrified  clay 
blocks.  There  are  only  four  railway  grade  crossings  with  steam 
railways,  three  of  which  are  protected  by  interlocking  plants.  There 
are  also  three  crossings  of  street  railways. 

All  steel  bridges  were  designed  in  accordance  with  Cooper's 
specifications,  with  his  Class  E-40  loading.  There  is  only  one  truss 
bridge,  crossing  the  Chicago  &  Northwestern  Ry.  at  Elgin,  on  a 
skew.  This  has  a  span  of  158  ft.  7  ins.,  with  shallow-  floor  construc- 
tion, and  one  end  rests  on  columns,  connecting  with  a  steel  viaduct 
363  ft.  long.  All  the  other  steel  bridges  are  of  plate  girder  con- 
struction. Besides  these  there  are  a  number  of  small  openings 
spanned  by  I-beams  with  concrete  filling.  The  steel  bridges  have 
open  floors,  but  with  closely  spaced  ties  and  a  substantial  floor  sys- 
tem.   All  piers  and  abutments  are  of  concrete. 

There  are  four  concrete  bridges,  besides  a  number  of  concrete 
culverts  and  cattle-passes.  The  Salt  Creek  bridge  has  two  35-foot 
arches  (with  a  rise  of  i  in  6)  ;  the  Poplar  Creek  bridge  at  Elgin 
has  one  30- foot  arch,  and  another  bridge  over  the  west  branch  of 
the  Du  Page  River,  and  on  the  Elgin  branch,  has  two  30-foot  arches 
(with  a  rise  of  i  in  10).    The  smaller  structures  have  arches  of  10, 
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cities.  The  city  service  tends  to  equalize  the  load  on  the  power 
station  and  prevent  the  high  peaks  which  occur  when  only  inter- 
tirban  traffic  is  operated.  The  power  house  is  202x160  ft.,  of  steel 
frame  construction,  with  walls  of  limestone  and  common  pale  brick, 
and  a  roof  of  tar  and  gravel  composition  on  plank  sheathing. 

There  are  three  Corliss  cross-compound  condensing  engines  of 
2,200  H.P.,  running  at  75  revolutions;  cylinders  32x60  and  64x60 
inches.  On  the  middle  of  the  shaft  of  each  engine  is  a  revolving-field 
generator  of  1,500  kilowatts,  and  a  20- ft.  80-ton  flywheel.  Space  is 
provided  for  a  fourth  engine  and  generator.  There  are  also  two 
liorizoiUal  engines  of  200  H.P.,  each  directly  connected  to  an  exciter 
of  160  K.W.  Steam  is  supplied  by  Edge  Moor  water-tube  boilers  of 
500  H.P.,  carrying  180  pounds  of  pressure. 

The  plant  also  includes  Green  economizers  and  Worthington 
condensers  and  pumps,  the  main  circulating  and  feed  pumps  being 
driven  by  induction  motors.  The  power  station  is  close  to  the  Fox 
River,  and  the  water  supply  for  the  boilers  and  condensers  is  taken 
from  the  river  by  a  conduit  which  passes  through  the  building,  while 
the  waste  water  is  discharged  into  a  culvert  which  leads  back  to  the 
river.  The  240-foot  chimney,  of  brick  and  stone,  is  placed  at  the 
middle  of  the  building,  and  the  top  of  its  ii-foot  flue  is  225  ft.  above 
the  grates.  Coal  is  delivered  to  a  storage  bin  of  2,000  tons  capacity, 
Avith  hoppers  in  the  bottom,  from  which  the  coal  falls  by  gravity 
through  gates  into  steel  cars  of  i  ton  capacity,  running  on  a  track  of 
^4^  inches  gauge,  the  wheels  having  outside  flanges.  From  under 
the  hopper  the  loaded  car  is  run  to  an  elevator,  the  floor  of  which  is 
a  turntable,  revolving  on  steel  l>alls  and  fitted  w4th  an  automatic 
weighing  apparatus.  This  elevator  raises  the  car  to  a  track  running 
.along  over  the  hoppers  feeding  the  magazines  of  the  automatic 
•stokers,  into  any  of  which  the  coal  can  be  dumped  as  required. 
Similar  cars  run  on  a  track  passing  under  the  ash  pits  and  provide 
for  the  removal  of  the  ashes. 

The  transformers  are  on  the  engine  room  floor,  and  are  cooled 
by  a  current  of  air  passing  up  through  them. 

The  power  plant  generates  an  alternating  current  of  26,000 
^olts,  which  is  sent  out  over  the  high-tension  cables  to  the  sub-stations. 
iStationary  transformers  reduce  this  to  a  420-volt  alternating  cur- 
rent ;  this  enters  the  rotary  converters,  which  deliver  a  600-volt  direct- 
current  to  the  third  rail.  In  the  arrangement  of  the  high-tension 
■circuit,  provision  is  made  for  alternative  circuits  in  case  of  failure  in 
emergency.  Each  circuit  consists  of  three  aluminum  cables,  arranged 
in  a  triangle,  20  ins.  c.  to  c.  These  are  transposed  at  intervals  of  a 
mile.  The  poles  carrying  the  high-tension  cables  are  40  ft.  long  and 
So  ft.  apart,  and  the  telephone  wires  are  carried  on  the  same  poles, 
below  the  cables. 

There  are  six  sub-stations,  approximately  10  miles  apart,  feed- 
ing the  third  rail  for  five  miles  in  each  direction.    All  these  are  fire- 
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circuits,  and  the  26.000-volt,  three-phase,  high-tension  feeders  which 
supply  the  sub-stations.  The  high-tension  feeders  are  of  standard 
aluminum  cable.  Poles  carrying  these  lines  are  40  feet  lon^,  placed 
80  feet  apart. 

The  system  of  high-tension  distribution  is  arranged  to  secure 
freedom  from  interruptions  of  service  due  to  short-circuits  or  break- 
ages on  any  one  transmission  line.  Three  high-tension  feeder  lines 
leave  the  power  house  at  Batavia.  A  line  nms  directly  across  the 
country  to  sub-station  Xo.  i,  near  Aurora.  Another  high-tension 
pole  line  follows  the  railway,  supplying  sub-stations  Nos.  2  and  3, 
and  extending  to  May  wood.  The  third  line  from  the  pow-er  house  is 
built  directly  across  the  country  to  sul)-station  No.  5  on  the  Elgin 
branch,  and  along  the  right-of-way  from  this  sub-station  to  Wheaton, 
at  which  point  it  joins  the  pole  line  from  the  Aurora  branch,  and  the 
two  three-phase  circuits  run  on  the  same  poles  to  sub-station  No.  3, 
with  one  circuit  from  there  to  No.  4.  Sub-station  No.  6  is  supplied 
by  a  line  running  from  sub-station  No.  5. 

The  regular  sub-station  equipment  for  all  the  sub-stations  com- 
prises two  1,500-kilowatt  rotary  converters  with  a  bank  of  three 
transformes  each.  The  sub-stations  have  air-tight  bus-wire  com- 
partments, in  which  air  is  kept  under  pressure  by  the  blower  for 
cooling  the  transformer  and  the  reactive  coils.  The  top  of  the  coil 
and  transformer  cases  have  openings  by  which  the  amount  of  air 
passing  may  be  regulated. 

At  the  Warren ville,  Ia)mbard  and  Ingalton  sub-stations  there  is 
another  panel  devoted  to  the  out-going  line  to  the  next  station.  The 
principal  object  of  this  is  to  make  it  possible  to  cut  off  the  line  be- 
yond in  case  of  short-circuit  or  line  trouble.  After  passing  the 
lightning  arresters,  the  incoming  line  goes  through  the  current  trans- 
formers which  supply  current  for  an  indicating  ammeter,  and  the 
current  coil  of  a  reversal  relav.  This  reversal  relav  is  the  same  as 
that  on  the  power  house  generator  panels,  and  will  act  to  open  the 
oil  switch  on  the  incoming  feeder  in  case  the  sub-station  attempts  to 
give  current  to  line  instead  of  receiving  it. 

After  passing  the  current  transformers  the  incoming  line  is  taken 
to  the  three-pole  motor-operated  oil  switch.  The  switch  is  also  con- 
trolled by  a  hand  switch  on  the  feeder  panel.  From  the  oil  switch 
the  incoming  feeder  goes  directly  to  the  bus-bars.  The  panel  for 
the  outgoing  line  and  controlling  apparatus  connected  therewith  are 
similar  to  the  incoming,  except  that  the  motor-operated  oil  switch  is 
controlled  by  an  overload  relay  instead  of  a  reversal  relay,  and  there 
is  an  ammeter  in  each  leg  of  the  circuit.  The  potential  transformer 
for  the  reversal  relay  on  the  incoming  panel  is  connected  directly  to 
the  alternating-current  bus-bars.  Current  for  the  operation  of  the 
motor-operated  switches  is  supplied  by  a  small  storage  battery  located 
in  the  cabinet  in  the  sub-station. 
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The  track  is  laid  with  70-pound  rails.  The  third-rail  system  is  used, 
except  that  short  sections  of  overhead  wires  (not  more  than  2.500 
feet  in  all )  are  used  through  towns  and  cities.  The  third  rail  weighs 
65  pounds  per  yard.  The  power  house  has  four  boilers  of  250  H.P. 
each  and  six  Westinghouse  generators  directly  connected  to  vertical 
engines.  Two  of  these  generate  direct-current  at  650  volts.  The 
others  generate  alternating-current  at  390  volts,  which  is  trans- 
formed to  16,600  volts  for  transmission  to  the  two  sub-stations  at 
Coopersville  and  Walker.  These  are  12  and  27  miles  from  the  power 
station  at  Fruitport.  The  district  near  the  power  house  is  supplied 
direct  from  two  650-volt  direct-current  generators  at  that  house. 
The  sub-station  rotary  converters  supply  the  other  parts  of  the  line. 
The  passenger  cars  are  52  feet  long,  and  each  has  two  motors  of 
150  H.P.  There  are  also  40- foot  express  cars.  The  service  is  con- 
trolled by  telephone  from  Fruitport,  and  the  cars  are  nm  every  half 
hour,  making  an  average  speed  of  35  miles  per  hour,  including  stops. 
The  Lackawanna  &  Wyoming  V'alley  Ry.  runs  from  Wilkes- 
barre  to  Pittston  and  Scranton,  Pa.,  20  miles,  and  is  being  extended 
to  Carbondale,  making  36  miles  in  all.  The  line  is  substantially  built, 
with  maximum  grades  of  2  per  cent.,  and  maximum  curves  of  4  de- 
crees, except  one  of  12  degrees  near  a  station.  The  line  is  double 
track,  laid  with  75-lb.  and  90-lb.  rails,  and  having  a  75-lb.  third  rail 
conductor.  The  main  power  plant  has  two  Westinghouse  2,000  H.P. 
engines  directly  connected  to  two  double  current  generators.  These 
supply  direct-current  at  650  volts,  which  is  delivered  to  the  third 
rail,  and  alternating-current  of  390  volts.  This  latter  is  stepped  up 
to  22,000  volts  for  transmission  to  the  sub-station,  where  it  is  stepped 
down  and  converted  into  direct-current  at  650  volts.  The  equip- 
ment includes  passenger  cars,  freight  cars  and  combination  passenger 
and  baggage  cars,  all  al)out  52  ft.  long.  The  front  truck  has  33-in. 
wheels  and  no  motors,  while  the  rear  truck  has  two  motors  of  150 
H.P.  each.    The  fast  trairs  average  40  miles  an  hour. 

The  following  discussion  of  the  third-rail  and  trolley-w-ire  sys- 
tems  for  interurban  electric   railways   is  taken   from   "Engineering 
*ews: 

THE  THIRD-RAIL  AM)  TROLLKY-WIRE   SYSTEMS   FOR   INTERURBAN 

ELECTRIC  RAILWAYS. 

In  the  development  of  the  longj-distance  and  high-speed  electric  railways, 
-which  are  becoming  such  an  important  feature  in  local  transportation,  there 
has  as  yet  been  but  a  Hmited  adoption  of  the  third-rail  system  of  current  con- 
ductor. Partly  on  account  of  the  fact  that  these  railways  are  a  development  of 
the  street  electric  railway,  the  natural  tendency  has  been  to  continue  the  use 
of  the  overhead  trolley  wire.  But  besides  this  there  are  certain  objections  to 
the  third-rail  system,  in  which  the  "live"  rail  is  readily  accessible,  and  is  there- 
fore more  dangerous  than  the  overhead  wire.  The  third-rail  system  is  used 
only  on  lines  having  their  own  right  of  way.  which  is  closely  fenced  in,  and 
the  rail  is  broken  at  level  crossings,  connection  being  made  by  an  underground 
cable.     Yet  fences  and  cattleguards  are  not  sure  preventatives  against  tres- 
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:r.  C  r-nnecticut :  and  between 
'.'.\:--:'\i:  ::.5  r-ii'e?'.  The  average  >pee<l 
•Z'.:' '^r  -:r.c  iv.'.e  •>  ainjut  35  miles  per  hour. 
:r\  \r  :r-  --:r.ffs  the  ordinary  surface  catiie- 
\i  ■ '.  *-?.v  :h:ril  rail  is  from  ??o  to  6^0  vohs. 
:  ::.-.'  "  vv;:  irr.o.iimtercd  in  introducing  this 
.,;:-.*.:iC-j  =  .  :-  the  fear  of  liability  of  per -on  > 
::  cT.trict  with  the  third  rail,  and  also  the 
:r.;ier:rg  with  the  rail.  The  experience  on 
rL-!^:rrt.'i  t-i.  and  on  the  New  York.  New 
t"  :n']ic:ite  that  the  danger  of  the  third 
rail  }i;t-  }K'<-n  r>:;jj(jf'r;it(.'l.  ::\v\  :;:at  the  f-b;ectiuns  to  it  on  this  score  have  not 
hi'iw  ■.vHl-tonndcn.  The  ripht  ^-t  way  -h-'-iild.  of  course,  be  fenced  in.  and 
pr'jvidfd  with  ratilopuar'!*  nt  mad  cro-^ing- :  then  if  people  persist  in  tres- 
pa.-.iiiK  ihfv  nin-.t  h«:  Vn-'A  r«r^[;f'n-iMc  if  they  receive  injury.  As  to  the  matter 
of  tainpf-niig  witli  thr  rail  and  -hort  circuiting  the  current,  the  strength  of  the 
'  iirr*tit  will  u=^lla]ly  soon  hum  riMt  and  de^trriv  any  small  connection  such  as 
a  win-,  anrj  if  \\\v  railway  rompanie-  take  prompt  action  and  have  the  offenders 
;Trr',tfr|.  tlir  publicity  and  pnni^ihment  will  S'Km  have  a  deterrent  effect  upon 
mi-.' Iiwvon-  persons.  This  murse  of  action  has  been  taken  by  the  .\urora. 
Mk'ii  ^  (\\\v:\si,(i  Ky.,  whose  line  was  recently  opened,  and  several  boys  have 
.lirady  K"t  into  trouble.  I'robably  in  a  few  months  the  railway  will  be  so 
i.iniiliar  that  it  will  not  su^Ke-^t  itself  as  an  outlet  for  mischievous  tendencies. 
;ind  will  not  be  tamp<'red  with  any  more  than  the  steam  railways.  In  regard 
III  the  ('xpcrirnce  in  thes**  directions  on  the  New  York,  New  Haven  &  Hart- 
fnri!  R.  U..  wr  give  Mr.  Heft's  statement  in  his  own  words,  as  follows: 

"We   have  had   very   few   accidents  due  to  the  location   of  the  current 
condtirtor.     A   few  per.srins  have  come  in  contact  with  the  rail,  and  have  re- 
vived sliKhl  burns.    Two  persons  have  been  found  dead  on  the  track,  but  in 
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both  cases  there  has  been  reasonable  doubt  as  to  the  cause  of  death.  One  (a 
man)  was  subject  to  epileptic  fits,  and  was  known  to  have  been  under  the  in- 
fluence of  liquor  the  night  before  he  was  found.  The  other  (a  boy)  was  also 
known  to  be  subjects  to  fits,  and  it  is  thought  he  may  have  been  taken  with 
one  while  walking  along  the  track,  and  that,  while  in  an  unconscious  condition. 
he  remained  in  contact  with  the  third  and  service  rails  a  sufficient  length  of 
time  to  be  killed.  With  these  exceptions,  we  have  had  practically  no  serious 
accidents  on  account  of  the  location  of  the  third  rail. 

*'A  few  dogs  and  one  horse  have  been  killed  by  coming  in  contact  with 
the  third  rail.  The  horse  was  running  away  and  took  to  our  roadway  at  a 
grade  crossing.  We  have  also  had  several  dogs  so  seriously  shocked  while 
loitering  about  our  tracks,  that  they  have  thereafter  religiously  avoided  the 
vicinity  of  the  railway  in  general,  and  the  third-rail  track  in  particular. 

*'We  have  experienced  trouble  on  our  Hartford  &  Bristol  line  from  boys 
and  mischievous  persons  causing  short  circuits  by  throwing  metallic  substances 
across  the  third  and  service  rails.  We  have  succeeded  in  bringing  one  or  two 
such  persons  into  court,  and  the  result  has  been  that  we  now  have  practically 
no  trouble  from  this  source." 
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GROWTH  OF  ENCIXEERING  EDUCATION. 


BY  A.   N.  TALBOT. 


With  the  recent  awakening  to  our  industrial  progress  and  the 
opportiuiities  for  future  industrial  activity  in  this  country  has  also 
come  a  l>etter  understanding  of  the  growth  of  industrial  education 
and  of  its  effect  upon  the  material  prosperity  of  the  country.  As  an 
example  of  this  growth  the  great  increase  in  numbers  of  students  in 
attendance  at  engineering  schools  may  l>c  cited,  and  a  short  dis- 
cussion of  this  growth  and  what  it  means  may  not  be  out  of  place. 

The  industrial  growth  has  brought  with  it  a  great  demand  for 
men  to  take  charge  of  industrial  operations,  manufacturing  establish- 
ments, railways,  public  works  and  other  enterprises.     At  first  few 
technically  trained  men  were  utilized,  but  in  recent  years  the  demand 
for  such  men  has  greatly  increased.     In  fact  the  growth  of  technical 
education  has  not  only  been  greatly  stimulated  by  the  industrial  ex- 
pansion of  the  country,  but  has  also  reacted  to  give  a  powerful  im- 
petus to  this  industrial  activity.     The  .same  effect  has  been  seen  in 
other  countries,     (iermany    is    a    notable  example  of  the  effect  of 
technical  education  during  the  time  of  the  growth  along  manufactur- 
ing and  industrial  lines,  and  ( iermany  concedes  a  great  share  to  the 
usefulness  of  the  men  trained  in  her  technical  schools. 

The  growth  in  numbers  of  engineering  students  is  illustrated  by 
the  diagram  which  shows  the  attendance  in  the  engineering  colleges 
of  some  of  the  western  state  universities  and  at  two  prominent  east- 
ern institutions.  The  report  of  the  Committee  on  Statistics  of  the 
Society  for  the  IVoniotion  of  luigineering  [education  gives  a  total 
of  16,600  students  in  attendance  in  '01-02  in  115  institutions  in  this 
country,  the  majority  being  enrolled  in  alK)ut  30  institutions.  The 
number  given  in  '98-99  was  9X)00  and  in  '88-'89,  3,000.  This  in- 
crease of  500  ix?r  cent,  in  twelve  years  is  remarkable. 

W'ith  this  increase  in  numbers  has  come  a  great  modification  in 
the  courses  of  study.  Where  formerly  many  of  these  schools  gave 
the  mathematical  i)rincii)les  and  a  few  general  applications  to  en- 
gineering practice,  filling  up  the  remainder  of  the  four  years  with 
general  subjects,  the  courses  now  are  well  considered  and  arranged 
with  a  view  of  giving  lK)th  a  good  foundation  in  the  fundamentals 
of  engineering  and  some  knowledge  of  details  in  a  particular  line 
of  engineering.  \Miile  the  pendulum  is  ncnv  swinging  back  from 
the  tendency  to  excessive  specialization  and  the  effort  to  give  a  large 
amount  of  professional  knowledge,  the  consensus  of  opinion  of  the 
best  educators  seems  to  be  that  engineering  schools  must  not  only 
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large  part  is  for  the  purpose  of  illustrating  and  making  investiga- 
tions along  the  greatly  increased  number  of  lines  of  work  now  open. 

In  many  respects  American  engineering  schools  are  in  advance 
of  European  institutions.  The  well  known  technical  schools  of  Ger- 
many and  Switzerland  are  of  high  grade,  but  so  far  as  I  have  been 
able  to  learn  their  instruction  to  undergraduate  students  is  not  as 
good  as  that  given  in  the  best  American  technical  schools.  The  drill 
in  mathematical  subjects  may  l>e  good,  but  the  work  done  in  other 
directions  is  incomplete.  For  example,  in  the  well  known  Prussian 
school  at  Charlottenburg,  near  Berlin,  cited  as  one  of  the  most  com- 
plete in  Europe,  the  mechanical  engineering  student  scarcely  has  an 
opportunity  to  use  an  indicator  during  the  whole  of  his  course.  The 
general  equipment  of  these  schools  is  valuable  and  represents  very 
large  expenditures.  English  technical  schools  are  known  to  be  far 
behind  ours.  It  must  be  understood  that  this  statement  does  not 
apply  to  investigational  work  in  Germany  and  Switzerland,  which  is 
done  by  special  investigators,  nor  to  the  European  trade  schools 
which  liave  attained  high  rank. 

Reference  to  the  diagram  will  show  a  marked  falling  off  in  at- 
tendance at  our  engineering  schools  after  the  panic  of  1893  and  during 
the  industrial  depression.  The  same  observation  may  be  made  upon 
attendance  at  schools  in  general  after  former  panics.  It  may  be  ex- 
pected then  that  when  the  next  industrial  change  comes  there  will 
be  a  falling  off  in  attendance.  Careful  observers,  however,  conclude 
that  this  decrease  will  not  be  permanent  and  that  the  number  of 
students  in  our  engineering  schools  must  go  on  increasing  until  a 
very  large  total  is  obtained.  It  is  asserted  that  w^e  have  not  nearly 
reached  the  number  of  men  necessary  for  our  present  average  in- 
dustrial condition,  and  that  the  industrial  work  of  the  country  is  cer- 
tain to  expand  and  develop  far  beyond  its  present  conditions.  A 
comparison  of  the  number  of  engineering  students  with  those  in 
other  lines  of  work  goes  to  indicate  that  the  numbers  in  engineering 
schools  have  not  yet  reached  their  full  proportion.  It  seems  proper 
to  conclude,  then,  that  engineering  schools  must  in  the  future  provide 
for  a  greater  attendance  tlian  at  present. 

In  discussing  the  needs  of  engineering  schools  two  topics  are 
worth  considering:  (i)  the  needs  for  investigational  purposes;  (2) 
those  for  educational  purposes. 

I.  It  is  believed  that  the  advantage  of  engineering  schools  to 
our  industrial  enterprises  is  not  yet  fully  appreciated.  Germany 
concedes  that  a  large  factor  in  its  industrial  expansion  was  the  knowl- 
edge and  experience  gained  through  investigations  made  in  the 
technical  schools.  The  recent  great  gains  made  in  agricultural 
science  through  the  activity  of  the  State  Agricultural  Experiment 
Stations  is  well  known,  and  it  is  estimated  that  the  farmers  have 
profited  many  times  over  by  the  expenditures  thus  made.  The  last 
state  appropriation  in  Illinois  of  $54,000  per  annum  for  experimental 
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CONCRETE  FOR  BUILDINGS  AND  FARM  WORK. 


DISCUSSION. 

Mr.  L.  Z.  Jones  :  I  would  like  to  call  the  attention  of  the  En- 
gineering College  of  the  University  of  Illinois  to  the  need  of  some 
way  to  present  the  usefulness  of  concrete  in  construction  on  the 
fami,  which  is  a  place  where  it  is  going  to  be  greatly  used.  When 
we  mention  concrete,  we  think  of  pavements,  sidewalks,  or  founda- 
tions, etc.  It  has  been  the  universal  custom  to  build  everything  on 
the  farm  of  wood,  except  the  cellar  walls,  and  they  are  braced  up 
with  wood  in  many  instances,  and  would  fall  down  if  the  house  did 
not  hold  them  down  in  place.  I  was  invited  to  come  down  to  Cham- 
paign next  week  to  tell  the  assembly  of  young  farmers  down  there 
about  concrete  on  the  farm.  It  should  be  presented  right  away  to 
the  people  who  can  use  it  in  the  place  of  wcx)d,  as  wood  is  becoming 
so  scarce. 

At  the  Farmers'  Institute  at  Woodhull  I  showed  them  they 
could  build  a  great  amount  of  work  of  concrete  with  less  money  than 
wood.  For  instance,  a  feeding  floor  can  l)e  built  of  concrete  for  two- 
thirds  of  what  it  would  cost  to  build  it  with  planks.  The  institution 
at  Champaign  is  the  place  to  begin  this  practical  information,  and  it 
would  be  a  good  thing  for  our  farmers. 

Mr.  B.  J.  Ashley  :  It  might  be  interesting  to  know  the  result 
of  a  little  computation  I  made  last  week  in  the  use  of  concrete  blocks 
as  building  material  for  walls  for  residences  or  factories.  I  took  the 
prices  of  cement  to  1k'  $2.00;  labor,  $1.50  a  day,  and  the  gravel  at 
$1.00  per  cubic  yard,  being  about  the  correct  Chicago  prices  at  this 
time.  Estimating  the  cost  of  a  wall  7  feet  high  by  100  feet  in  length, 
the  result  was  as  follows : 

Common  16-inch  Rubble  Wall,  9.3  cords  at  $19.00 $176.70 

Common  12-inch  Brick  Wall,  14.700  brick  at  $12.00 176.40 

Pressed  Brick  Wall : 

4,900  pressed  brick  in  12-inch  wall  at  $38 $186.20 

9,800  common  brick  in  12-inch  wall  at  $12 117.60 

303.80 

Bedford  Stone  Wall : 

700  sq.  ft.  Bedford  (Ind.)  stone  at  75c $525.00 

9,800  common  brick  backers  at  $12 1 17.60 

642.60 

Palmer  Hollow  Concrete  Building  Blocks,  30x10x9  inches: 

375  Palmer  Blocks,  laid  in  wall,  65c  each 243.75 

These  blocks  cannot  be  distinguished  from  stone,  except  upon 
close  inspection. 
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paid  by  farmers ;  and  farmers  would  probably  rather  pay  two  dollars 
in  labor  than  one  in  cash.  Further,  the  officials  who  permit  in- 
efficiency under  the  lal)or-tax  system,  will  probably  permit  equal  in- 
efficiency under  the  cash-tax  system. 

City  streets  are  maintained  on  the  cash-tax  system.  Are  they 
better  or  more  economicallv  cared  for  than  country  roads?  The 
writer  has  had  a  wide  opportunity  to  compare  the  conditions  in  six 
or  eight  counties  of  Illinois,  and  also  in  other  States,  and  his  obser\'a- 
tion  is  that  the  streets  of  the  villages  and  small  cities  are  not  as  well 
cared  for  as  the  roads  in  the  surrounding  country.  The  writer  is  of 
the  opinion  that,  as  a  rule,  the  streets  of  even  the  large  cities  are  not 
as  well  nor  as  economically  cared  for  as  the  rural  highways.  There 
would  Ik.*  some  justice  in  arguing  that  this  condition  was  proof  thai 
the  cash-tax  system  was  not  as  efficient  as  the  lalx)r-tax:  but  the 
writer  does  not  so  regard  it,  since  there  are  more  important  con- 
ditions that  control  in  the  management  of  lx)th  city  streets  and 
country  roads.  The  difference  between  the  lalxDr  and  the  cash  tax 
has  but  little  to  do  with  the  condition  or  cost  of  the  roads.  The  writer 
has  repeatedly  seen  excellent  roads  under  each  system,  and  im- 
mediately adjoining  has  seen  very  poor  ones  under  l)oth  systems. 

The  chief  defect  in  the  construction  and  maintenance  of  Ameri- 
can highways  is  the  lack  of  intelligent  and  effective  supervision.  We 
.shall  never  have  good  construction  until  there  is  worked  out  for 
each  hxrality  a  proper  system  of  rules,  either  traditional  or  printed, 
for  the  care  and  iniprovcnient  of  the  j)ul)lic  highways;  and  we  shall 
never  secure  g(Hj(l  maintenance  until  the  public  generally  comes  to 
Ixlieve  in  the  value  of  better  roads. 

The  thing  now  is  tor  the  peoj)le  directly  interested  to  see  what 
can  Ik*  done  to  W(^rk  out  the  road  problem  in  each  community.  As  be- 
fore stated.  I  believe  that  the  roads  can  Ik*  materially  improved  with- 
4:>ut  much,  if  any.  ex])ense. 

This  cmnitry  has  conic  to  its  ])rcscrit  j)osition  of  supremacy  in 
industrial  affairs  chiefly  througli  coin])etition  in  design  and  division 
of  labor.  These  ])rinciplcs  should  be  introduce<l  into  the  care  of  our 
earth  roads,  giving  coin|)ctition  in  design  and  imlividual  responsi- 
bility in  the  care  of  our  roads. 

To  secure  this,  divide  the  roads  up  and  allot  definite  sections  to 
farmers  and  publish  these  allotments.  As  far  as  ix)ssible,  require 
each  man  to  care  for  the  road  nearest  home  and  which  he  travels 
most.  He  should,  of  course,  he  instructed  properly,  and  his  work 
would  be  subject  to  proper  supervision.  One  man  will  probably  care 
for  his  section  in  one  way  and  another  man  in  some  other  way,  but 
if  they  are  subject  to  some  supervision  which  will  prevent  bad  or 
foolish  methods,  this  will  bring  into  i)lay  competition  of  design  and 
finally  there  will  Ik  evolved  the  best  way  of  doing  the  work.  It  is 
entirely  feasible  to  have  annual  competitions  with  inspections  and 
jthe  award  of  prizes  and  diplomas.     Railways  find  annual  inspections 
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1.  Experience  in  road  building  in  other  countries  or  other 
States  is  no  guide  for  Illinois,  since  the  road  question  is  a  problem  to 
be  solved  bv  each  local  conimunitv  for  itself. 

2.  It  is  not  reasonable  to  expect  any  material  improvement  in 
the  condition  of  the  roads  simply  by  changing  from  the  labor-tax  to 
the  cash-tax  system  or  vice  versa. 

3.  To  secure  individual  responsibility  and  stimulate  persond 
pride,  assign  the  care  of  definite  sections  of  the  road  to  individual 
farmers ;  and  publish  the  assignments,  and  award  prizes  cw"  diplomas 
for  excellence. 

4.  The  harrow  or  the  wooden  scraper  or  the  railway  rail  should 
be  used  more  than  at  present. 

5.  Competitions  in  operating  the  road  grader  would  develop 
the  best  method  of  handling  that  machine. 

6.  The  proper  care  of  our  earth  roads  is  worthy  the  careful 
thought  of  all  who  dwell  in  the  country. 

7.  An  intelligent  and  active  public  interest  in  road  affairs  will 
secure  greater  efficiency  in  all  kinds  of  road  work. 
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the  labor-tax  system,  and  nearly  all  townships  have  done  so.  There 
are  then  really  two  forms  of  road  taxes  upon  property,  the  "district 
road  tax'*  which  may  be  paid  in  labor,  and  the  "road  and  bridge  tax'' 
which  must  be  paid  in  cash.  The  former  must  be  expended  in  the 
district  from  whence  collected,  but  the  latter  may  be  spent  anywhere 
in  the  township.  The  district  road  tax  is  supposed  to  care  for  the 
road  and  make  minor  repairs,  and  the  road  and  bridge  tax  is  ex- 
pended for  bridges,  machinery,  lumber,  tile,  etc.,  and  to  pay  the  over- 
seers. The  highway  commissioners  are  pvaid  out  of  general  township 
funds. 

In  townships  under  the  cash  road-tax  system,  the  highway  com- 
missioners may  levy  a  road  tax  of  60  cents  per  $100  of  the  assessed 
value  of  all  property,  and  by  special  authority  of  the  town  auditors 
an  additional  40  cents  per  $100.  In  townships  under  the  labor  tax 
system,  a  tax  of  40  cents  per  $100  may  be  levied  by  the  commissioners 
and  an  additional  40  cents  if  authorized  by  the  animal  town  meeting. 
The  assessed  valuation  is  one-fifth  of  the  nominal  cash  value.  Any 
road  taxes  collected  from  property  within  the  limits  of  cities  and 
villages  must  be  turned  over  to  the  authorities  of  the  incorporation, 
and  the  incorporation  may  abolish  road  taxes  within  its  own  limits. 
When  new  bridges,  even  small  ones,  are  to  be  built  it  almost  in- 
variably is  the  custom  to  levy  the  maximum  for  at  least  tw^o  suc- 
cessive years  preceding.  When  bridges  of  considerable  size  are  re- 
quired, it  is  usually  necessary  to  issue  bonds.  Many  townships  assess 
the  maximum  tax  year  after  year,  and  are  continually  improving  the 
quality  of  the  roads. 

The  following  table  gives  the  details  of  the  average  expenditures 
in  labor  and  cash  for  road  purposes  in  19  townships  in  a  prairie 
count  v.  It  is  not  known  that  any  similar  data  were  ever  before  col- 
lected,  and  hence  there  is  no  means  of  knowing  whether  these  data 
are  representative;  but  it  is  probable  that  the  exp>cnditures  for  new- 
bridges  is  more  than  the  average  for  the  state.  There  are  1.97  miles 
of  road  per  square  mile  of  area  outside  of  cities  and  villages.  All 
the  roads  have  a  black  loam  surface. 

AVERACK  KXPKNDITURKS  PER   MILE  OF  EARTH   RO.\DS  IN 
CHAMTAICN  COUNTY,  II.LINOIS. 

1.  New  Steel  bridges  (exclusive  of  county  aid) $16.20 

2.  Drainage   6.32 

3.  Tile  culverts i  .32 

4.  Repairs  of  bridges  and  culverts 2.93 

5.  Grading  (not  simply  smoothing  and  leveling) 1.43 

6.  Smoothing  and  leveling  (not  grading) 2.83 

7.  Mowing  the  roadsides 1.14 

S.     Administration 2.69 

Total $34.86 
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there  is  considerable  gravel  and  stone  suitable  for  macadam  roads, 
the  bill  was  objected  to  on  the  ground  that  they  had  already  built 
many  miles  of  hard  road  and  hence  it  was  not  fair  to  ask  them  to  help 
build  all  the  roads  in  other  parts  of  the  State.  In  the  central  third, 
where  there  is  no  road  building  material  and  where  hard  roads  will 
be  very  expensive,  the  bill  was  objected  to  on  the  ground  that  hard 
roads  were  impossible  in  that  portion  of  the  State  and  hence  the  bill 
would  simply  compel  the  central  portion  to  help  build  roads  in  the 
north  end  of  the  State.  In  the  southern  third,  which  is  not  as  wealthy 
as  the  other  portions,  the  objection  was  that  they  could  not  afford 
hard  roads  at  any  price  and  consequently  the  only  effect  would  be 
to  make  them  help  build  roads  in  the  other  parts.  In  all  parts  some 
of  the  most  intelligent  citizens  contended  that  the  wagon  roads  are 
matters  of  only  local  concern  and  should  be  left  wholly  to  local  au- 
thorities. The  prospects  for  the  passage  of  any  law  for  State  aid 
for  road  building  decreased  rapidly  with  the  continued  discussion  of 
the  subject.  The  former  bill  was  promoted  by  interests  that  expected 
to  profit  by  its  enactment,  and  the  fact  that  no  similar  bill  has  been 
introduced  at  the  session  of  1903  probably  indicates  that  those  in- 
terests have  concluded  that  there  is  no  present  hope  of  getting  such 
a  law. 

Some  wise  friends  of  better  roads  claim  that  a  law  permitting 
the  application  of  the  principle  of  special  assessments  and  the  issuing 
of  bonds  would  greatiy  stimulate  road  improvement.  It  is  certain 
that  a  law  permitting  such  co-operation  in  drainage  matters  has  been 
of  incalculable  benefit  to  the  State  of  Illinois  by  making  possible  the 
construction  of  long  drainage  canals  which  serve  as  outlets  for  tile 
drains.  Similar  laws  in  Indiana  and  Ohio  have  materiallv  stimulated 
the  building  of  hard  roads  in  those  states.  To  secure  such  a  law  in 
Illinois  applicable  to  road  building  would  require  an  amendment  to 
the  constitution,  and  as  only  two  amendments  can  be  submitted  each 
biennial  period  and  as  there  are  numerous  interests  clamoring  for 
amendments,  there  is  little  hope  for  aid  to  road  improvement  from 
this  direction.  The  cities  and  incorporated  villages  do  not  lack  for 
legal  machinery  for  the  improvement  of  their  streets. 

PRESENT  CONDITION  OF  THE  ROADS. 

The  wagon  roads  of  Illinois  have  rapidly  improved  in  recent 
years,  probably  as  fast  as  is  reasonable  to  expect  and  certainly  at 
least  relatively  as  rapidly  as  the  several  communities  have  advanced 
in  other  lines,  as  forexample,  in  education,  in  agriculture,  in  house 
building,  or  in  sanitary  science.  Many,  perhaps  most,  of  the  roads 
have  been  underdrained,  and  the  surface  of  nearly  all  of  them  has 
been  crowned,  and  they  have  fair  side  ditches.  The  streams  and 
ditches  have  been  provided  with  bridges  or  culverts.  In  many  cases 
the  bridges  are  substantial  steel  structures,  often  with  stone  abut- 
ments; and  many  of  the  culverts  consist  of  vitrified  pipe.    In  many 
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communities  the  road  sides  are  seeded  to  grass,  and  are  mowed  and 
kept  free  from  unsightly  weeds.  In  recent  years  there  has  been  a 
rapid  increase  in  the  amount  of  money  spent  for  drainage,  tile  cul- 
verts, steel  bridges,  and  road  machinery.  Nevertheless  in  the  spring 
of  the  year,  particularly  just  as  the  frost  goes  out  of  the  ground,  the 
roads  are  nexf  to  impassable,  but  tile  drainage  has  materially  short- 
ened the  period  of  impassability.  Large  sums  are  spent  annually  to 
restore  the  form  of  the  surface  after  the  break  up  of  the  spring ;  but 
this  phase  of  road  work  is  probably  most  in  need  of  attention  and 
improvement.  Illinois  is  at  least  equal  to  many  much  older  states  in 
the  care  bestowed  upon  the  surface,  in  the  attention  given  to  the 
roadside,  in  the  money  spent  for  steel  bridges  and  tile  culverts,  in 
the  expense  incurred  for  tile  drainage,  and  in  the  attention  given  to 
restoring  the  surface. 

In  the  northern  part  of  the  State,  there  are  about  7.000  miles  of 
hard  roads  outside  of  the  cities  and  villages ;  in  the  central  part  there 
are  only  about  1,000  to  1,200  miles  of  hard  road ;  and  in  the  southern 
part  there  are  400  to  500  miles  of  permanently  hard  roads. 

There  are  a  number  of  ways  in  which  the  present  methods  of 
road  management  and  road  maintenance  can  be  greatly  improved, 
which  improvements  will  redound  to  the  social  advantage  of  all  mem- 
bers of  the  community,  but  would-be  road  reformers  should  be  will- 
ing to  recognize  signs  of  progress  and  to  admit  the  difficulties  in  the 
way  of  improvements.  What  is  most  needed  in  discussions  of  the 
road  problem  is  more  light  and  less  heat. 
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ANNUAL  REPORT  OF  THE  EXECUTIVE   SECRETARY- 
TREASURER. 


for  TUE  year  ending  JANUARY  23,   I9O3. 

To  the  Members  of  the  Illinois  Society  of  Engineers  and  Surveyors: 

Gentlemen  :  Below  is  given  my  report  as  Executive  Secre- 
tary-Treasurer for  the  year  ending  January  23,  1903 : 

RECEIPTS. 

Balance  on  hand  January  25.  1901 $  63.32 

Received  for  Initiation  Fees 15.00 

Received  for  Annual  Dues 236.00 

Received  from  Sale  of  Reports 21.18 

Received   from   Advertising 349-88 

Total $685.38 

DISBURSEMENT.S. 

Printing  Seventeenth  Annual  Report $318.49 

Stenographer  at  Seventeenth  Annual  Meeting 63.00 

Postage  and  Express 104. 18 

Miscellaneous  Printing,  Cuts  for  Report,  and  other  expenses..  .   151.74 

Salary  Executive  Secretary-Treasurer 

Balance  on  hand  January  23,  1903 4797 

Total $685.38 

There  is  due  the  Society  on  advertising  $25. 

Uncollected  dues  for  1902  ainount  to  $214.  About  50  per  cent, 
of  this  is  collectable.  The  membership  is  the  same  as  last  year,  the 
new  members  taking  the  place  of  members  resigned. 

There  were  1,600  copies  of  the  Seventeenth  Annual  Report 
printed. 

Exchanges  were  made  with  the  following  Societies : 

Association  of  Engineering  Societies,  University  of  Illinois. 

Connecticut  Civil  Engineers  and  Surveyors. 

Michigan  Society  of  Engineers. 

Indiana  Society  of  Engineers. 

Engineering  Association  of  the  South. 

Copies  of  reports  were  sent  to  all  members  in  good  standing. 

On  account  of  a  change  of  location  and  extreme  pressure  of 
w-ork,  the  Secretary  was  not  able  to  give  the  business  of  the  Society 
his  best  attention,  and  to  this  he  attributes  the  large  amount  of  un- 
collected dues.  To  repair  this  loss  in  a  small  manner  the  Secretary 
presents  the  Society  the  salary  allowed  him  for  1902. 

Respectfully  submitted, 

A.  L.  KUEHN, 

March  17,  1903.  Secretary-Treasurer. 
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Skc.  4.  Any  person  may  be  elected  an  honorary  member,  by  a  unanimous 
ballot  of  all  the  members,  not  less  than  twenty  in  number,  present  at  any 
reffiilar  meeting  of  the  Society. 

Honorary  members  may  present  papers  and  take  part  in  all  discussions, 
and  shall  be  entitled  to  receive,  on  request  made  in  writing  each  year,  copies 
of  the  annual  report  of  the  proceedings  of  the  Society,  but  they  need  pay  no 
initiation  fee  nor  dues,  and  shall  have  no  vote. 

Skc.  5.  Any  three  members  may  present  to  the  Executive  Board  charges 
in  writing  affecting  the  moral  or  professional  character  of  any  member,  where- 
upon the  said  Board  shall  notify  the  member  of  such  charges,  and  shall  ap- 
point a  time  and  place  at  which  the  accusers  and  the  accused  may  be  heard. 
On  an  aflirmativc  vote  of  at  least  four  members  of  the  Board,  the  charges  shall 
be  presented  to  the  Society  as  soon  as  it  shall  be  in  session,  all  parties  being 
duly  notified,  and  having  opportunity  to  be  heard.  On  an  afHrmative  vote  of 
three-fouth>  or  more  of  the  members  present,  said  affirmative  vote  being  not 
less  than  eighteen  in  number,  said  member  shall  be  expelled,  and  his  name 
shall  be  struck  from  the  roll :  but  no  public  notice  of  such  proceedings  shall 
be  given. 

Sec.  6.  The  annual  assessment  shall  be  due  and  payable  in  advance,  and 
no  pul)licati(;n>  of  the  Society  shall  be  forwarded  to  any  member  till  such 
annual  dues  be  paid. 

Any  member  who  shall  refuse  or  neglect  for  one  year  after  the  annual 
meeting  to  i)ay  any  dues  or  assessment  due  from  him.  shall  cease  to  be  a 
member,  and  his  name  shall  be  struck  from  the  roll.  He  may  be  reinstated 
on  payment  of  the  sum  so  due  and  of  all  further  sums  which  would  have  been 
due  from  him  had  he  remained  a  member  up  to  the  time  of  such  reinstatement. 

Article  IV. — Officers. 

Section  i.  The  ofhccrs  of  this  Society  shall  be  a  President,  a  Vice- 
President,  an  Kxecutive  Secretary-Treasurer  and  Board  of  Trustees.  The 
alxive  named  officers  shall  constitute  the  Executive  Board,  of  which  the  Presi- 
dent shall  be  cx-otTicio  chairman,  and  the  Executive  Secretary  ex-officio 
Secretary. 

Two  Trustees  shall  bo  elected  annnally  and  hold  office  for  two  years. 

Sec.  2.  .Ml  ofhcers  excci)t  the  Executive  Secretary-Treasurer  shall  l>e 
elected  annually  by  ballot  by  the  uuMiiber^,  on  the  second  day  of  the  annual 
meeting,  and  >liall  hold  otVice  until  their  successors  are  elected  and  qualified. 

The  Executive  Secretary-Treasurer  shall  l)e  elected  annually  by  the 
I'.xeculive  Hoard. 

Sec.  3.  The  President.  Vice-President.  Executive  Secretary-Treasurer, 
shall  perform  the  duties  usually  pertaining  to  their  .several  offices.  The  E-\er 
cutivc  Secretary-Trea>nrer  shall  be  the  custodian  of  all  property  of  the  Society, 
and  shall  deliver  all  such  property  to  his  successor,  and  shall  make  an  annual 
report.  He  shall  record  the  proceedirigs  and  discussions  of  the  meetings,  and 
shall  prepare  a  coi)y  of  them  for  publication. 

.As  Treasurer,  he  shall  give  bond  with  two  approved  sureties  to  such 
amount  as  may  be  recpiired  from  time  to  time  by  the  Executive  Board,  and 
his  bond  when  approved  by  said  Board,  shall  be  copied  on  the  Journal  of  the 
Society,  and  be  dejiosited  with  the  President.  He  shall  pay  only  such  orders 
as  have  been  signed  by  the  President.  Executive  Secretary,  and  .shall  make  an 
annual  report  of  all  receipts  and  exf>enditures,  and  shall  deliver  all  the 
Society's  brooks  and  money  in  his  possessic^i  to  his  successor.  The  Executive 
Secretary,  in  addition  to  the  duties  usually  pertaining  to  his  office,  shall  be 
ex-officio  Librarian  of  the  Society,  and  as  such  shall  collect  and  preserve  all 
books,  pamphlets,  papers  and  documents  belonging  to  the  Society.  The  librar}- 
of  the  Society  shall  be  kept  in  some  place  central  and  convenient  to  access  by 
railway.  He  shall  deliver  all  the  proi)erty  of  the  Society  in  his  possession  to 
his  successor. 
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J.  T.  \V.  Jennings Evanston 

John  H.   Moore Evanston 

C.  J.  Morse Evanston 

Adam  Crouch   Fairfield 

C  H.  Rankin Fall  Creek 

♦G.   W.  Graham Freeport 

F.  E.  Josel F'reeport 

*0.  T.  Smith Freeport 

J.   B.  Ginn Galena 

F.  J.  Allen Galesburg 

G.  T.  Bell Galesburg 

A.  T.  &  S.  F.  Ry. 

*F.    M.   Connolly Galesburg 

*John  B.  McAuley Galesburg 

E.   Murphv   (ialesburg 

Div.  Eng..  C.  B.  &  Q.  Ry. 

A.  Ritchey   Galesburg 

*L.   Z.  Jones Galva 

M.  G.  Barnes Geneseo 

U.  S.  Asst.  Eng. 

Kirk   Martin   Geneseo 

H.   B.  Alexander Geneva 

W.  H.  Pease Geneva 

C.   G.   Elliott Gilnian 

J.   H.   Murphy Glendale 

(jeo.    Cole Golconda 

Asst.  Eng..  I.  C.  Ry. 

W.  T.   McCormick CJolconda 

C.  H.  Rauchfuss (iolconda 

R.    K.    Dewey Greenville 

R.  E.  Williams Harlem 

I.   C.   Abney Harrisburg 

\V.   A.   McHcnry Harrisburg 

T.   I).   Hobson Harvey 

J.   R.    Faulkner Havana 

L.  S.  Thorp Hitt 

C.    E.    Ellsworth Hoopeston 

*G.    \V.   Gastman Hudson 

B.  F.    Bond JackNonvillc 

Chf.  Eng.,  J.  &  St.  L.  Ry. 

C.  W.   Brown Jacksonville 

E.  H.   Crampton Jacksonville 

L.  S.  Olmsted Jacksonville 

S.   B.   Stewart Jacksonville 

Walter   Hansell    Jersey ville 

A.  W.   Xewton Jerseyvillc 

F.  C.  H.  Arentz Joliet 

Jol.  Bge.  &  I.  Co. 

♦G.   W.    Brown Joliet 

A.  Comstock  Joliet 

A.  Montzheimer   Joliet 

Chf.  Eng..  E.  J.  &  E.  Ry. 

*R.  E.  Orr Joliet 

♦H.   A.   Stevens Joliet 

♦Noah  Whitley   Joliet 

C.  V.  Brainard Kampsville 

U.  S.  Asst.  Eng. 
R.   D.  Gregg Kankakee 

D.  Nolan,  I.  I.  &  I.  Ry — Kankakee 


W.  R.  Sanborn Kankakee 

I.  I.  &  I.  Ry. 

G.  P.  Smith Kankakee 

Eng.  M.  of  W..  I.  I.  &  I.  Ry. 

J.  E.  Shepardson Kankakee 

W.  H.  Woodruff Kankakee 

I.   C.   Banister Kewanec 

♦J.  E.  Kemp Kcwanee 

*J.  C.  Quade Kewanec 

M.  F.  Davidson Kirkwood 

G.  F.  Wrightman Lacon 

*R.  C  Vial La  Grange 

W.  B.  Ewing La  Grange 

S.  A.   Sterns La  Harpe 

J.  H.  Dunbar... U  Salle 

M.  &  H.  Zinc  Co. 

J.  W.  Hegeler. La  Salle 

M.  &  H.  Zinc  Co. 

♦C.  H.  Nicolet La  Salle 

M.  &  H.  Zinc  Co. 

E.  J.  Noonan La  Salle 

*E.  H.  W^hittaker La  Salle 

H.  G.  Buchanan Lawrenccville 

J.  B.  Bertolet Leaf  River 

D.  S.  Braucher Lincoln 

T.   S.   Davey Lincoln 

♦L.   J.   Sims Lincoln 

♦John   Zeter   Lincoln 

Wm.   Bates   Litchfield 

♦G.  M.  Clark Low  Point 

♦J.  M.  McNabb McNabb 

♦C.  Holmes  Macomb 

J.   F.  Shannon Macomb 

♦J.   F.  Schmeltzer Manteno 

J.  E.  Bond Mar.seilles 

A.    Nichols   Marseilles 

E.  J.   Ward Marseilles 

Lewis   Pulley    Marion 

W.    M.   Duane Mattoon 

Sup.  Cons.,  C..  C.  C.  &  St.  L.  Ry. 

*.\.  C.   Loomis Mattoon 

W.    E.   Miller Mattoon 

L.  S.  Rose Mattoon 

E.  .M.  of  W..  C.  C  C.  &  St.  L.  Ry. 

*J.  Wiihington   Mattoon 

1).    A.   Spaulding Melville 

W.   F.   Whitmore Mendota 

C.  .\.  Geltner Metropolis  City 

C.  L.  Crabbs Moline 

♦D.  Gordon   Moline 

M.  A.  Gould Moline 

R.  W.  Jones Moline 

♦H.  G.  Paddock Moline 

().  J.   Root Moline 

♦J.  L.  Clark Momence 

♦A.   W.  Gates Monmouth 

♦Thos.  McClanahan  Monmouth 

♦J.  E.   Miller. Monmouth 

John  Burmeister  Morris 
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Wni.   McLaughlin   Viola      *C  A.  Prout Whcaton 

H.  E.  Horton.  .Washington  Heights        R.  C.  Sattley WTieaton 

R.  J.  Mershon,  Washington  Heights  C.  &  X.  W.  Ry. 

H.  L.  Bowcn Waukegan      *E.  E.  R.  Tratman Wheaton 

C   P.   Osterfield Waukegan        J.   S.   Vallette Wheaton 

Edgar  Williams...  .Western  Springs      *F.  A.   Windes Winnetka 

George  Gage West  McHenry        R.  O.  Smith Woodstock 

G.   Herrick   Wheaton       *0.   Dolph York>-illc 

•C.  Jones.  A.,  E.  &  C.  Ry... Wheaton 
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1 1.  R.  Abbott Asst.  Eng..  Met.  El.  Ry. 

W.  L.  .\bbott Chf.  Eng..  Chicago  Edison  Co. 

Geo.  T.  Adams Civil  Engineer.  7120  Princeton  Ave. 

H.  C.  Alexander II2  Clark  St. 

.A.  Allen Wisconsin  Bridge  &  Iron  Co. 

H.  A.  .Allen Allis-Chalmers  Co. 

*J.  W.  .\lvord Consulting  Engineer.  Hartford  Bldg. 

E.  E.  Amory Eng.  for  Structural  Steel. 

C.  (i.  Armstrong Mech.  Eng.,  Fisher  Bldg. 

W.  C.  Armstrong Bge.  Eng..  C  &  N.  W.  Ry. 

Bf  J.  Arnf>l(J Arnold  Electric  Power  Station  Co. 

L.  C.  Arnold Mech.  Eng.,  934  Monadnock  Block. 

S.  (i.  .\rtingstall Consulting  Engineer,   13  So.  Hamilton  Ave. 

*B.  J.  .Ashley Consulting  Engineer. 

A.  \'on  Habo Bridge  Dept..  City  Hall. 

J.  L.  Bacon Instructor,  Lewis  Institute. 

F.  B.   Radt Electrical   Engineer 

F.  H.  Bainbridge Bridge  Dept.,   I.  C.  Rv. 

A.  (i.  Bakor Div.  Eng..  C.  M.  &  St.  P.  Ry. 

A.  S.  Baldwin Prin.  Asst.  Eng..  111.  Cent.  Ry. 

H.  F.  Baldwin Chf.  Eng.,  Chicago  &  Alton  Rv. 

John  P.  Ball Res.  Eng..  C.  &  E.  I.  Ry. 

W.  I).  Ball Coiisiihiiif:^  l^ng..  Merchants  Loan  &  Trust  Bldg. 

W.  D.  Barber Dept.  Public  Works,  City  Hall. 

F.  W.  Barker Kenwood   Bridge  Co. 

G.  B.  Bartkii Chf.  Draftsman.  111.  Steel  Co. 

F.  Bartme^ Civil  Engineer.  164  Dearborn  St. 

O.  Bates Bates  &  Rogers  Construction  Co. 

J.  \V.  Barrie Asst.  Eng..  Pennsylvania  Lines. 

H.  G.  Bauer C.  E..  63  Market  St. 

E.  H.  Beckler Winston  Bros.  Co. 

.A.  Bcmcnt .Mechanical  Engineer,  218  La  Salle  St. 

J.  G.  Bcrg(|ui>t Cement  Dept.,  Illinois  Steel  Co. 

R.  Bernhard Chf.  Draftsman.  Allis-Chahners  Co. 

C.   E.  Billin 205  Goethe  St. 

"C.   O.   Billow Consulting   Engineer 

Ci.  H.  Binklev Engineer  for  Kohler  Bros. 

C.  F.  Blake Mech.  Eng..  383  40th  St. 

Albert   Blauvelt Fire   Protection   Engmeer,  N.   V.  Life  Bldg. 

J.  C.  Bley City  Engineer's  Office. 

J.  F:.  Blunt Cons.  Eng.,  C  &  N.  W.  Rv. 

F.  Borg Vierling,  McDowell  &  Co. 

H.  S.  Bowcn Mech.  Engineer,  Rookery  Bldg. 

James  Brady 225   Dearborn   St. 

J.  T.  Bransfield 2020  W.  39th  St. 

W.  L.  Breckenridgc Chf.  Eng..  C.  B.  &  Q.  Ry. 
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Geo.  Espy Sig.  Eng.,  C  &  N.  W.  Ry. 

J.  M.  Ewcn ThcG.  A.  FuUcr  Co. 

W.  B.  Ewing Hyd.  &  San.  Eng.,  138  Washington  St 

*W.  P.  Fccney Asst.  Eng.,  Bureau  of  Streets,  City  HalL 

C.   E.   Fcrreira 

A.  W.  Fiero R.  W.  Hunt  &  Co.,  Rookery  Bldg. 

W.  H.  Finley Prin.  Asst.  Eng.,  C  &  N.  W.  Ry. 

F.  W.  Fischer Architect  and  Civil  Engineer 

C.  E.  Fitch Mech.  Eng.,  Allis^Chalmers  Co. 

R.  Forsyth Cons.  Eng.,  Rookery  Bldg. 

C.  F.  Foster Cons.  Eng.,  Manhattan  Bldg. 

Jacob  T.  Foster Surv.  and  C.  E.,  94  La  Salle  St. 

N.  D.  Fraser Chicago  Portland  Cement  Co.,  Stock  Ex.  Bldg. 

J.  A.  Fulton Great  Northern  Bldg. 

J.  G.  Giaver D.  H.  Bumham  Co. 

R.  L.  Gifford Illinois  Engineering  Co.,  Manhattan  Bldg. 

James  G.  Graff Surveyor,  108  County  Bldg. 

J.  C.  Gray 111.  Cen.  Ry. 

♦Frederick  Greeley Surveyor,  Opera  House  Block. 

♦Samuel  Greeley Surveyor,  Opera  House  Block 

0.  B.  Green 403  La  Salle  Ave. 

W.  T.  Griffith 225  Dearborn  St 

Ossian  Guthrie 138  Washington  St 

E.  M.  Hagar Cement  Dept..  111.  Steel  Co.,  Rookery  Bldg. 

J.  C.  Hain Eng.  of  Masonry,  C,  M.  &  St  P.  Ry. . 

C.  S.  Hall Eng.  of  Track  Elevation.  C.  &  N.  W.  Ry. 

A.  A.  Hanson Elec.  Eng.,  Northwestern  Elev.  Ry. 

J.  J.  Harding C,  M.  &  St  P.  Ry. 

F.  W.  Hawks Asst.  Eng.,  C.  &  E.  L  Ry. 

F.  F.  Heck Asst.  Eng.,  C.  June.  Ry. 

S.  H.  Hedges Washington  Heights. 

E.  L.  Heidenreich Cons.  Eng.  for  Concrete  Steel. 

E.  H.  Heilbronn Sanitary  District 

G.  A.  Heimbucher Surveyor,  203  Dearborn. 

W.  W.  Herrington 94  La  Salle  St 

C.  D.  Hill Eng.  of  Bd.  of  Local  Impts.,  Gty  Hall. 

F.  L.  Hill Hill  &  Grant,  Marquette  Bld^ 

H.  L.  Hollis Rookery  Bldg. 

Frank  Holmes D.  H.  Burnham  &  Co. 

1.  V.  Holmes Cons.  Mech.  Eng.,  1442  Addison  Ave, 

W.  L.  Hope Div.  Eng.,  C,  R.  L  &  P.  Ry. 

H.  E.  Horton Chicago  Bridge  &  Iron  Works. 

C.  W.  Hotchkiss Cons.  Eng.,  La  Salle  Station. 

W.  D.  Hotchkiss Bd.  of  Local  Impts.,  City  Hall. 

♦S.  N.  Howard Surveyor.  Opera  House  Block. 

W.  M.  Hughes Bridge  Eng.,  La  Salle  Station. 

R.  W.  Hunt Cons.  Eng.,  Rookery  Bldg. 

C.  H.  Hurd Mech.  Eng.,  Armour  &  Co. 

Watson  Hurlburt 803  Monadnock  Block. 

♦R'  C.  Huston Surveyor,  112  Clark  St 

W.  A.  Illsley 326  Reaper  Block. 

E.  S.  Jenison Hydraulic  Engineer. 

I.  L.  Johnson Surveyor,  90  La  Salle  St ' 

T.  T.  Johnston Hydraulic  Engineer,  Security  Bldg. 

♦W.  D.  Jones 127  Hartford  Bldg. 

I.  Jordan Asst  Eng.,  C,  B.  &  Q.  Ry. 

W.  T.  Keating...... C.  E.,  188  Madison  St 

C  L.  Keller Scherzer  Bridge  Co. 

F.  P.  Kellogg 2449  Indiana  Ave. 
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N.  D.  Pound Pound  Construction  Co— 

A.  V.  Powell Cons.  Eng.,  138  Washington  St— 

*J..  T.  Price C  &  N.  W.  Ry..  22  Fifth  Ave. 

jheo.  Rail 1744  Monadnock  Block. 

Isham  Randolph Chf.  Eng.,  Sanitary  District. 

.  W.  McC  Rapalje 218  La  Salle  St. 

E.  O.  Reeder Asst.  Eng.,  C,  M.  &  St.  P.  Ry. 

G.  S.  Rice Consulting  Engineer. 

B.  C.  Rich Asst.  Eng.,  Lake  Michig^an  Land  Co. 

Paul  K.  Richter 315  Dearborn  St. 

C.  N.  Roberts 97  Qark  St 

V.  B.  Roberts 97  Qark  St 

Warren  Roberts Civil  Engineer,  204  Dearbon  St 

E.  M.  Robinson Asst.  Eng.,  C.  &  N.  W.  Ry. 

I.  S.  Robinson Asst.  Eng.,  C.  &  N.  W.  Ry. 

C.  W.  Rogers Mechanical  Engineer. 

W.  A.  Rogers Bates  &  Rogers  Cons.  Co. 

W.  H.  Rosencrans L  L  &  I.  Ry. 

W.  H.  V.  Rosing Asst.  Supt.  Machy..  111.  Cent.  Ry. 

*F.  C.  Rossiter 91   Washington  St 

S.  M.  Rowe Engineer  for  Timber  Preservation. 

♦Emil  Rudolph Land  Surveyor,  112  Clark  St 

C.  H.  Ruel Chf.  Eng.,  Chi.  Hts.  Term.  Transfer  Ry. 

N.  A.  Sager Sewer  Dept.,  City  Hall. 

E.  Salich 756  Monadnock  Block. 

Geo.  F.  Samuel City  HalL 

O.  Sanne D.  H.  Bumham  Co. 

C.  E.  Sargent Sargent  Gas  Engine  Co..  315  Dearborn  St 

F.  Sargent Mcch.  and  Elec.  Eng.,  Lsabella  Bldg. 

R.  C.  Sattley Eng.  B.  &  Bldgs.,  C.  &  N.  W.  Ry. 

C.  E.  Schillaber 6124  Washington  Ave. 

J.  W.  Schaub Cons.  Eng..  Monadnock  Block. 

A.  C.  Schrader Chf.  Eng.,  West  Park  Commission. 

Carl  E.  Schulze 109  Randolph  St 

E.  K.  Scott Civil  Eng.,  Hoover  &  Mason,  Old  Colony  Bldg. 

J.  A.  Seddon 188  Madison  St 

H.  B.  Seely Fire  Protection  Eng.,  218  La  Salle  St. 

G.  T.  Seeley Chf.  Eng..  South  Side  Elev,  Ry. 

E.  C.  Shankland Consult.  Structural  Engineer. 

R.  M.  Shankland Consult.  Structural  Engineer. 

W.  A.  Shaw City  Hall. 

E.  L.  Shaw Civil  Engineer,  2691  N.  Hermitage  Ave. 

Warren  E.  Sheets Monadnock  Block. 

*W.  S.  Shields Civil  and  San.  Eng.,  Marquette  Bldg. 

M.  E.  Shire Chf.  Eng.,  Chi.  Union  Transfer  Ry. 

Edwin  Smith 3147  Vernon  Ave. 

W.   P.   Smith. Consulting  Engineer. 

Wm.  Sooy  Smith Consulting  Engineer. 

*T.  W.  Snow Manager,  Otto  Gas  Engine  Works.  360  Dearborn  St 

A.   Sorge Mechanical   Engineer. 

C.  E.  Spaak Chf.  Eng..  Indiana  Natural  Gas  Co. 

J.  H.  Spengler Asst.  City  Eng.,  City  Hall. 

H.  F.  Stannard C.  &  N.  W.  Ry. 

W.  H.  Starr Asst.  Chf.  Eng.,  Chicago  &  Alton  Ry. 

R.  B.  Steams Chf.  Eng.,  Northwestern  Elev.  Ry. 

W.  L.  Stebbings Consulting  Engineer.  Monadnock  Block. 

A.  K.  Stein 1342  No.  Western  Ave. 

L.  V.  Stiernberg 63  Market  St 

F.  L.  Stone Div.  Eng.,  C,  B.  &  Q.  Ry. 
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C  L.  Strobel Cons.  Bridge  Eng.,  Monadnock  Block. 

Qiarles  F.  Sturtevant 279  Dearborn  St. 

A.  H.  Summers Surveyor,  Rookery  Bldg. 

W.   L.   Summers Consulting  Engineer. 

J.  M.  Sweeney Steel  Cable  Eng.  Co.,  Marquette  Bldg. 

E.  B.  Thompson Mech.  Eng.,  C.  &  N.  W.  Ry. 

H.  P.  Thompson Mech.  Eng.,  445  W.  46th  St. 

F.  H.  Todd Cons.  Eng.,  Fisher  Bldg. 

*E.  E.  R.  Tratman "Engineering  News,"  Monadnock  Block. 

O.  J.  Travis 111.   Cent.   Ry. 

H.  Trueman Morden  Frog  Co..  Rookery  Bldg. 

E.  E.  Tucker 163  Randolph  St. 

A.  J.  Tullock 1742  Monadnock  Block. 

G.  A.  Turnbull 1538  Monadnock  Block. 

A.   Twyman Pullman   Bldg. 

Martin  Van  Allen 69  Dearborn   St. 

C.  R.  Van  Brunt Asst.  Eng.,  C,  B.  &  Q.  Ry. 

H.  E.  Vanderlip Cons.  Engineer,  134  Monroe  St. 

O.   H.   Vanderlip 100  Washington   St. 

W.  Van  Valkenburg Surveyor,  100  Washington  St. 

G.  W.  Vaughn Eng.  of  Track  Elevation,  Chi.  &  Alton  Ry. 

F.  K.  Vial Assl.  Eng.,  C  &  W.  I.  Ry. 

R.  C  Vial Asst.  Eng.,  C.  &  W.  I.  Ry. 

C.  W^  Vilim 119  La  Salle  St. 

Emil  P.  Voisard 315  Dearborn  St. 

G.  W.  Waite Chamber  of  Commerce. 

F.  E.  Walker 279  Dearlx)rn  St. 

H.  U.  Wallace Chf.  Eng.,  111.  Cent.  Ry. 

W.  A.  Wallace Asst.  Eng.,  C  I.  &  L.  Ry. 

G.  C.  Waterman 94  La  Salle  St. 

M.  L.  Webber 138  Washington  St. 

C.  V.  Weston Consulting  Engineer,  135  Adams  St. 

H.  F.  White Eng.  M.  of  W..  C,  R.  I.  &  P.  Ry. 

E.  P.  Wheeler 315  Dear])orn  St. 

D.  J.  Whittemore Chf.  Eng.,  C,  M.  &  St.  P.  Ry. 

Benezette  Williams Consulting  Engineer,  IS3  La  Salle  St. 

C  B.  Williams 153  La  Salle  St. 

Edgar  Williams 21  Quincy  St. 

H.  E.  Williams Civil  Engineer,  400  Webster  Ave. 

Robert  E.  Williams 84  La  Salle  St. 

C  Williamson Cons.  Eng.,  People'  Gas  Light  &  Coke  Co. 

Paul  Willis Kenwood  Bridge  Co. 

Charles  Wilmerding 279  Dearborn  St. 

Geo.  W.  Wilson Surveyor,  234  La  Salle  St. 

R.  G.  Wilson Cons.  Elec.  Eng..  6  Sherman  St. 

G.   M.   Wisner Sanitary   District. 

A.  H.  Wolf Cons,  and  Cont.  Eng.,  218  La  Salle  St. 

J.  W.  Woermann U.  S.  Asst.  Eng.,  U.  S.  Engineer's  Office. 

F.  W.  Wood Monadnock  Block. 

C.  C.  Zander Surveyor,  69  Dearborn  St. 
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NOTICES. 


ANNUAL  MEETING,  1905. 

The  Twentieth  Annual  Meeting  will  be  held  at  Chicago,  on  Jan- 
uary 20,  21  and  22,  1905. 

It  is  expected  to  make  this  a  specially  interesting  meeting,  witii 
excursions,  etc.,  and  it  is  hoped  that  there  will  be  a  large  attendance. 

Due  notice  will  be  given  as  to  the  program,  accommodations,  eta 


COMMITTEES. 


Cards  have  been  sent  out  giving  the  names  of  the  members  of  the 
several  committees,  and  the  members  of  each  committee  are  asked  to 
meet  or  correspond  with  each  other  in  regard  to  their  plans  of  woric, 
and  also  to  assist  in  the  preparation  of  the  reports. 

Individual  papers  will  be  welcome,  and  members  are  invited  to  pre- 
pare papers  and  so  share  in  the  work. 

It  is  very  desirable  that  there  should  be  a  strong  list  of  papen 
and  reports  for  the  meeting.  Papers  and  reports  should  be  in  the 
hands  of  the  Secretary-  by  December  31,  to  give  time  for  arranging  the 
program. 

MEMBERSHIP. 

Members  are  urged  to  interest  their  friends  in  the  Society  and 
invite  them  to  become  members.  Applications  for  membership  may 
be  made  to  the  Secretary  at  anv  time. 

Members  receive  the  Proceedings  of  this  Society  and  also  of 
some  eight  or  ten  other  societies  of  engineers  and  surveyors. 

Entrance  fee  (to  be  sent  with  application) $3.00 

Annual  dues,  first  year 2.00 

Annual  dues,  each  year  after 4.00 


ADVERTISEMENTS. 

A  large  and  varied  list  of  advertisements  accompanies  this  rqx>Tt 
and  members  arc  asked  to  look  these  over,  as  being  interesting  and 
instructive  as  well  as  commercially  useful. 

In  writing  the  advertisers  for  information,  etc.,  please  mention 
that  you  have  seen  their  advertisements  in  the  Report  of  the  Illinois 
Society  of  Bngineers  and  Surveyors. 


PROCEEDINGS 


OF    THB 


NINETEENTH  ANNUAL  MEETING 


OF   THE 


Illinois  Society  of  Engineers  and  Surveyors 


HELD    AT 


CHAMPAIGN,  ILL.,  JANUARY  20.  21  AND  22,  1904. 


January  20.    Afternoon  Session. 

The  Nineteenth  Annual  Meeting  was  called  to  order  at  2  p.  m. 
in  the  Physics  Hall  of  the  Engineering  Building  of  the  University  of 
Illinois,  by  the  President,  Mr.  John  W.  Alvord. 

Prof.  I.  0.  Baker :  I  am  very  glad  to  offer  a  welcome  to  this  Society 
on  behalf  of  my  associates  of  the  engineering  faculty  of  the  University 
of  Illinois.  The  Societv  first  met  at  this  institution  in  1887.  It  has 
been  back  frequently  since,  and  it  is  always  welcome.  As  some  of  you 
may  not  be  familiar  with  the  organization  of  the  University  it  may 
be  permissible  for  me  to  say  that  the  University  consists  of  several  col- 
leges. We  have  the  College  of  Engineering,  the  College  of  Agriculture, 
the  College  of  Law,  the  College  of  liiterature  and  Arts,  the  College  of 
Science,  and  also  the  School  of  Music  and  tlie  Librarv  School.  In  Chi- 
cago  there  are  the  College  of  Medicine  (including  the  School  of  Phar- 
macy), and  the  College  of  Dentistry,  recently  acquired.  Altogether 
the  University  has  3,850  students,  and  will  have  over  4,000  before  the 
dose  of  the  year.  In  point  of  attendance  at  the  great  universities  of 
the  country,  the  University  of  Illinois  ranks  sixth.  The  number  of 
students  in  the  College  of  Engineering  is  78 J.  There  are  something 
over  650  women  students.  It  is  with  some  pride  we  say  that  50  more 
than  one-half  of  the  men  students  in  the  Universitv  are  students  of 
engineering.  There  are  but  three  (perhaps  only  two)  institutions  in 
the  country  that  have  more  students  of  engineering  than  the  University 
Off  Illinois. 

An  address  on  "The  College  of  Engineering,"  University  of  Illi- 
nois, was  then  delivered  by  the  Dean  of  that  College,  Prof.  N.  0. 
Ricker.    This  was  followed  bv  the  annual  address  of  the  President. 
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The  first  paper  was  on  "Municipally  Owned  AVatei';  Gas  and 
Electric  Li2:ht  Plants/'"  bv  Mr.  V.  E.  llerdnian,  Avhich  was  read  bv 
the  Secretary,  in  the  al)?encc  of  the  author.  Three  papers  on  concrete 
work  were  tlien  presenterl,  as  follows:  ''Concrete  for  Fiiriii  Work/'  bv 
L.  Z.  Jones:  '^Concrete  Foundations  for  ravement?,'*  by  0.  L.  Getir- 
heart:  "Effect  of  Manure  on  Masonry  and  Concrete  Work/'  bv  L.  A. 
Waterburv'.    A  general  discussion  on  concrete  followed. 

Mr,  II.  (t.  Paddock  moved  ih;U  the  Executive  Board  be  iustruetod 
to  inquire  into  and  determine  the  feasibility  and  advanta^^e  of  incor- 
porating the  Soriciy.  This  was  carried  and  the  meeting  then  ad- 
journed. 

Jaxuahv  20.     KvKNiNG  Session. 

The  meeting  was  called  to  oidcr  at  7  ]).  m.,  and  Mr.  F.  C.  Ams- 
bary  read  a  paper  on  **Tin'  Wnterworks  of  Cliampaign  and  Urbana.'' 
Mr.  II.  ^I.  Ely  rmd  a  paper  on  **Thc  Danville  Waterworks  Dam": 
]\Ir.  J.  F.  Parr  r<{id  a  ])ap(.'r  oi^.  '"Floods  and  Flood  Protection  Works 
at  East  St.  Loui<*':  :ind  a  paper  by  ^Ir.  0.  F.  Dubiiis  on  "The  City 
Park  of  a  Medium  Sizod  Town."  was  read  by  ibc  Si»erctarv  in  thu 
absence  of  the  autliMr.  'i'hr  Sctnlnry  mIso  pre-'TjIed  th(^  reji^rt.  of  the 
Conniiitieo  on  Xrebiteeture  and  the  report  of  the  (/Ommittee  on 
Mechanical  and  Fleetric;^!  Fnirlncorinir.    The  mvH'tinir  then  alioumed. 

jA\r\i:v  :^1.     Mouxixc^,  Si:s<ir)N. 

The  nieetiiiir  was  (MJIed  to  order  at  i)  a.  m..  Mr.  11.  G.  Paddock 
(Past  President)  being  in  ibe  chair.  The  report  of  the  Committe 
on  Poa<l>  and  Pav«m<'nt<  \vn>  read  by  Mr.  P.-iddivk,  Cjiiiirinan  of  th" 
Committee,  and  Prot.  I.  ().  linker  read  a  pajur  on  '' Illinois  Engineers 
and  Illinois  Highways." 

The  President,  Mr.  Alvord,  then  took  the  chaii-.  and  a  paper  on 
The  Illinois  Cood  Koads  Commission."  by  Mr.  D.  W.  Smith  (Chair- 
man of  the  C-ommission),  was  read  by  the  Secretary  in  the  absence  of 
the  author.  In  the  di-eu^sion,  Mr.  Mclluish  spoke  in  favor  of  the 
Brownlow  bill,  and  (on  motion  of  Air.  Paddock),  Air.  Melluisli  was 
asked  to  prepare  a  resolution  as  to  this  bill.  This  resolution,  however, 
did  not  come  before  the  Society  for  action.  On  motion  of  Prof.  Baker 
a  committee  composed  of  Prof.  Talbot,  Mr.  Paddock  and  Mr.  Jonee 
was  apj)ointed  to  pre])arc  a  resolution  upon  the  work  of  the  Good  Boads 
Commis^iion. 

Four  more  pa])ers  on  the  road  question  were  then  read :  "Present 
Practice  in  Stone  Koad  Construction  in  Xorthern  Illinois/'  bv  Mr. 
A.  L.  Waterburv:  *M{oad  Construction  in  Massachusetts,  New  Jersev 
and  Connecticut."  by  Mr.  L.  G.  Parker:  "The  Road  Laws  of  Illinois," 
by  ^Ir.  B.  T.  Webl>«T:  and  "Becent  TiCgislation  on  the  Boad  Question 
in  Several  States."  bv  Mr.  E.  1].  R.  Tratman.    The  renort  of  the  Com- 
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mittee  on  Sun-eying  was  then  read  by  Mr.  Melluish,  Chairman  of  the 
committee.    The  meeting  then  adjourned. 

January  21.    ArTEnxoox  Session. 

The  meeting  was  called  to  order  at  2  p.  m.,  by  the  President;  Mr. 
J.  W.  Alvord,  who  appointed  the  Nominating  Committee,  as  follows: 
Prof.  Talbot,  Mr.  C.  G.  Elliot  and  Mr.  H.  C.  Paddock.  The  Secretary 
then  read  the  report  of  the  Executive  Committee,  and  the  report  of 
the  Secretar}'  and  Treasurer. 

A  paper  on  ^'Drainage  v.nd  Irrigation  in  the  Central  States''  was 
read  by  Mr.  C.  0.  Elliott  (VaA  Pn^iflcnl).  A  pajKir  on  ^The  Work 
of  the  U.  S.  Geological  Siiivt-v  in  Illinois/'  by  Mr.  M.  0.  Leighton, 
was  read  by  the  Secretary,  in  the  absence  of  the  author.  The  President 
called  for  the  report  of  the  Committee  on  Sowers,  but  Mr.  Chandler, 
the  Chairman,  announced  that  the  coi'imittee  liad  no  report.  Prof. 
Talbot  tht^  read  a  paper  on  "Tiu.  Mcasiirenient  of  Flow  in  Sewers/' 
and  Mr.  Poyal  Sawyer  showecl  <onic  st('n'n])ticon  views  of  sewagr  puri- 
fication plants. 

The  meeting  then  adjounicd  ami  the  members  made  a  tour  of  the 
several  departments  of  the  l'niv(*rsit y,  under  the  guidance  of  Professors 
Baker,  Talbot  and  Brwkenridge. 

jANUAin-  21.    Evi.'xiNf^  Session. 

The  meeting  was  called  to  order  at  7  :3o  }i.  m.,  by  the  President. 
The  report  of  the  Committee  on  Drainage  was  road  by  Mr.  J.  L.  Clark, 
Chairman  of  tlie  connnittce.  A  pajior  m\  '^The  Ilennejun  Canal,"  l)y 
Mr.  J.  C.  liong,  was  read  by  the  Secretary  in  the  absence  of  tlie  author. 
An  interesting  address  on  •"Some  Pocent  Waterworks  and  Water  Power 
Installations/'  was  given  by  Mr.  D.  W.  ^Foad,  and  was  illnst rated  !)y 
a  large  number  of  steroopticon  views.  The  meeting  then  adjourned  to 
the  faculty  rooms,  where  an  informal  reception  was  hold. 

January  '^2.    ^NfoiiNrxG  Sfssiox. 

The  meeting  was  called  to  order  at  '^:3o  a.  m.,  by  the  President. 
The  Xominating  Cominittee  ])resonied  the  f</llowing  nominations  for 
officers  for  1 904 : 

President — J.  W.  Alvord. 
Vice-President — C.  H.  Xicolet. 
Trustees — W.  ^I.  Hay,  J.  E.  Kemp. 

The  Sccretarv  was  instructed  to  cast  the  ballot  and  the  above 
officers  were  dulv  elected. 

The  committee  appointed  ro  report  on  the  Good  Poads  Commis- 
sion reported  through  its  Chairman.  Prof.  Talbot,  the  following  reso- 
lution, which  was  adopted : 
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RESOLUTION:     (iOOD  ROADS  COMMISSION. 

Resolved,  T}iat  the  Illinois  Society  of  Engineers  and  Surreyors  desirci 
to  express  its  appreciation  of  tlie  work  of  the  Good  Roads  Commission  of  Illi' 
nois.  and  to  express  its  sympathy  and  interest  in  the  movement.  It  also  offers 
its  co-operation,  and  desires  to  express  the  hope  that  the  movement  will  prore 
of  lasting  benefit  to  the  road  interests  of  the  State. 

For  the  ])laco  of  niccliii^r  in  ]0»>5,  three  nominations  w«?re  niiide: 
Chica^^o,  riiivrrsitv  of  Jllinoi.s  and  Danville.  A  ballot  was  taken  and 
Chicago  was  selected.  The  Kxceutive  Committw  annouiici'd  that  Mr. 
E.  E.  \{.  Tratinan  jiad  been  re-eleeted  as  Secretary  and  Treasurer. 

A  \Ki]K'r  on  "Miini(i}>al  Waterworks  ami  Kleetric  Light  Plant  at 
I'aris,  111./'  was  read  bv  Mr.  T).  H.  Sawver.  Mr.  G.  I.  Ilerrick  read  a 
pajM'r  on  **Sonu»  N<*w  inventions  in  Engineerinjr  Measuring  Instru- 
nimt.-,'"  and  llu;  last  pajKT  was  on  *'The  Economy  and  Accuracy  of 
Various  .\reiiiods  of  Lcveliii;:."  bv  ^Fr.  L.  A.  Watr-rburv. 


Tile  followin*^  resolution  was  then  introduced  bv  Mr.  L.  Z.  Jones, 
and  was  earrie<l  unaniniouslv  : 

« 

RKSOHTIOX  OK  THANKS. 

Ifcsolved,  That  tlie  Illinois  Society  of  Engineers  and  Surveyors  extends 
its  thanks  to  the  faculty  and  >tu<icnt,'<  of  the  College  of  Engineering  of  the 
University  of  Illinois  for  the  court eeies  and  help  extended  to  make  the  Annual 
Meeting  pleasant  and  protilahle.  We  desire  to  mention  partieularly  the  short 
course  in  engineering,  which  has  correctly  and  widely  extended  our  learning 
on  engineering  subjects. 

The  nurtin;:  then  adjounn^d  until  the  annual  convention  of  1905. 

NEW  MEMBERS. 

The  following  new  members  were  elected  during  the  meeting:  W.  H. 
Allen.  H.  M.  Elv,  K.  1).  (iiejrjr,  (;.  K.  Henderson.  G.  I.  Herrick,  C.  C.  Lakin, 
A.  n.  Marshall, 'a.  F.  Nicliol.  J.  O'Brien,  G.  L.  Sawder,  A.  C,  Schrader,  I.  W. 
Troxel  and  L.  A.  Wuterbury. 

dAXUARY  22.    Excursion. 

After  adjournment  the  members  and  society  went  in  a  bodv  to 
Danville,  a  special  train  on  the  C.  C.  ('.  &  St.  L.  Ry.  being  provided 
by  the  courtesy  of  ^Ir.  F.  W.  Rutterworth.  Heneral  Manager  of  the 
Western  Briek  Co.,  who  also  entertained  the  party  at  Inneh  at  the 
Plaza  hotel.  After  hineh,  a  sp'oial  rar,  i)rovided  hy  the  courtesy  of 
^Fr.  L.  E.  Fisehor,  General  Manager  of  the  Danville,  Champaign  and 
T'rhana  Electric  Railway,  took  the  parly  to  the  Danville  waterworks  to 
insjK^-t  the  new  dam  aiid  mechanical  filtration  plant,  bnilt  under  the 
direction  of  ^[r.  Daniel  W.  "Nlead.  The  ear  then  t^ook  them  to  the 
works  of  the  Wef^tern  Briek  Co.,  where  they  inspected  the  shale  pits 
the  briek  mills  (for  hnildin<r  and  paving  hrick),  the  drying  rooms,  and 
the  kiln?.    They  then  returned  to  the  hotel,  and  were  given  a  dinner 
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by  Mr.  Butterworth,  after  which  they  returned  to  Champaign  on  the 
special  car.  The  following  resolution  of  thanks  was  unanimously 
adopted  at  the  dinner : 

RESOLUTION  OF  THANKS  (EXCURSION). 

Resolved,  That  the  Illinois  Society  of  Engineers  and  Surveyors  desires 
to  express  its  appreciation  of  the  pleasant  and  profitable  excursion  kindly 
famished  by  Mr.  F.  W.  Butterworth,  General  Manager  of  the  Western  Brick 
Co.,  and  its  pleasure  in  visiting  the  company's  model  plant.  It  desires  spe- 
cially to  record  its  appreciation  of  Mr.  Butterworth's  kindly  hospitality. 

Resolved,  That  the  thanks  of  the  Society  are  tendered  also  to  Mr.  L.  E. 
Fischer,  General  Manager  of  the  Danville,  Urbana  A,  Champaign  Electric 
Ry.,  for  furnishing  transportation  to  the  waterworks  and  the  plant  of  the 
Western  Brick  Co.,  and  for  other  courtesies  extended. 
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THE  COLLEGE  OF  ENGINEERING:  UNIVERSITY  OF 

ILLINOIS. 

BY  N.  C.  KICKER,  DEAN  OF  THK  COLLEGE. 

On  my  admission  as  a  student  in  this  C-ollegc  of  Engineering  34 
years  ago,  I  found  an  institution  planned  on  the  same  general  lines 
as  at  present,  with  a  few  dozen  students  in  different  departments  of 
engineering,  but  still  without  any  regular  professors  devoting  their 
chief  attention  to  the  work  of  instruction  in  any  professional  course. 
Classes  in  surveying,  mechanics  anrl  drawing  had  already  been  formed, 
and  there  was  a  small  carpenter's  sliop  for  making  repairs  and  exten- 
sions of  the  existing  few  buildings,  not  one  of  which  is  now  standing. 
Prof.  Robinson  took  charge  of  the  Department  of  Mechanical  En- 
gineering at  the  same  time  and  opened  the  first  shop  connected  with 
any  educational  institution  in  the  United  States  for  instructing  stu- 
dents in  the  practical  working  of  wood  and  metals,  and  he  also  opened 
classes  in  mechanical  engineering,  the  first  engineering  department 
instituted  hero. 

At  the  beginning  of  the  next  University  year.  Prof.  Webb  took 
charge  of  the  Department  of  Civil  Engineering  and  was  later  suc- 
ceeded by  Prof.  Baker.  The  Department  of  Architecture  was  prac- 
tically organized  in  1873  and  that  of  Mechanics  and  Municipal  and 
Sanitary-  Engineering  was  established  by  Prof.  Talbot  somewhat  later. 
Electrical  engineering  was  first  added  in  1891,  by  Prof.  Stratton,  and 
Railway  Mechanical  Engineering  by  Prof.  Breckenridge  a  few  years 
since. 

These  few  facts  will  serve  to  remind  vou  of  the  existence  of  this 
College  of  Engineering  for  nearly  34  years,  and  that  it  grew  very  slowly 
during  more  than  20  of  its  iirst  years,  although  hard  and  earnest 
work  was  done  by  professors  and  -tudents,  and  many  excellent  en- 
gineers were  prepared  for  their  lat-er  professional  labors.  The  value 
of  the  engineering  pmfessions  to  the  public  was  not  then  appreciated, 
and  the  ultimate  ambition  of  young  men  with  engineering  tendencies 
was  to  join  a  railway  surveying  party  or  to  attain  the  proud  position 
of  a  locomotive  engineman.  Verv^  little  was  popularly  known  then  of 
the  work  of  the  engineer,  of  his  personal  trustworthiness,  and  of  his 
capacity  to  plan  and  direct  great  public  improvements  and  enterprises. 
Therefore  it  was  very  difficult  to  obtain  the  money  required  to  house 
the  classes  and  to  provide  the  costly  equipment  needed  for  practical  and 
experimental  work. 

At  the  beginning  of  the  administration  of  President  Draper,  ten 
years  since,  conditions  had  materially  improved,  since  the  appropria- 
tion had  just  been  made  for  the  Engineering  building,  which  was  com- 
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After  lengthy  consideration  of  this  problem,  it  was  finally  decided 
by  the  President  and  Tnifitees,  on  Dec.  8,  1903,  that  the  establishment 
of  an  Engineering  Experiment  Station  would  be  the  most  efficient 
method  for  accomplishing  all  these  desired  results.  This  is  the  first 
engineering  experiment  station  ever  founded  by  an  engineering  col- 
lege in  the  United  States,  perhaps  in  the  world.  If  it  can  become 
as  useful  to  the  varied  intereslft  in  this  State,  which  are  largely  con- 
nected with  engineering,  as  the  Agricultural  Experiment  Station  of 
this  University  has  been  to  the  agricultural  and  horticultural  interests 
of  Illinois,  its  establishment  marks  the  beginning  of  a  great  period 
of  development  and  growth  in  engineering.  The  interests  affected 
equal  those  of  agriculture  and  horticulture  in  the  value  of  invested 
capital,  and  probably  in  the  numbers  of  persons  dependent  thereon. 
There  are  fewer  contingencies  beyond  human  control  in  engineering 
than  in  agriculture,  so  that  results  obtained  may  probably  be  reduced 
to  greater  certainty  in  practice.  Therefore,  it  is  certainly  permissible 
to  expect  this  Engineering  Experiment  St<ation  to  become  of  vital  im- 
portance. 

No  separate  building  will  be  required  for  this  work  for  some  years, 
but  it  hae  been  decided  to  build  a  new  foundry  costing  $10,000,  in 
order  to  enlarge  the  forge  and  machine  shops  sufficiently  for  existing 
needs.  Also  to  erect  a  Mechanical  Engineering  Laborator}',  costing 
$20,000,  to  receive  the  machines  and  apparatus  required  for  investiga- 
tions in  steam,  gas,  and  gasoline ;  superheated  steam ;  heating  and  ven- 
tilation of  buildings:  refrigeration:  compressed  air,  etc.  This  will  bo 
the  most  comprehensive  experimental  laboratory  of  the  college,  since 
nearly  all  work,  except  testing  the  strength  of  structural  materials, 
experiments  in  hydraulics,  investigations  in  electrical  engineering,  and 
researches  in  the  field  of  physics,  will  be  made  therein.  To  erect  these 
buildings  and  provide  the  necessary  equij>ment  of  machines,  mostly 
built  to  order,  will  require  a  year,  so  that  the  work  of  the  Station  will 
not  be  in  full  course  before  the  end  of  that  time. 

Investigations  are  now  in  procuress  on  tlie  following  topics,  among 
others : 

A.  In  Architectural  Engineering:  (1)  Concrete-steel  construction. 
(2)  Transmission  of  heat  through  insulating  material.  (3)  Refriger- 
ation. 

B.  In  Civil  Engineering:  (4)  Relative  values  of  crushed  stone  sand 
and  natural  sand  for  mortars  and  cements.  (5)  Concrete  highway 
bridge  floors.  (6) Yield  of  concrete.  (7)  Strength  of  very  lean  con- 
crete. (8)  Strength  of  neat  cement  as  affected  by  water.  (9)  Burnt 
clay  in  concrete.     (10)  Holding  power  of  drift  bolts. 

C.  In  Electrical  Engineering :  (11)  Fatigue  of  eyes  by  alternating 
incandescent  lamps.     (12)  Long  distance  transmission  of  power. 

D.  In  Mechanical  Engineering:  (13)  Illinois  coals  used  with 
different  types  of  mechanical  stokers.     (14)  Cutting  speeds  of  high 
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speed  tool  steels.      (16)    Power    required  to  drive  machine  tools. 
(16)  Flow  of  superheated  steam  through  orifices  of  diflferent  fonns. 

E.  In  Applied  Mechanics:  (17)  Strength  of  large  concrete  beams 
with  inserted  steel  tension  bars.  (18)  Comparative  value  of  different 
roughened  steel  tension  bars  in  large  concrete  beams.  (19)  Proper 
proportions  of  steel  tension  bars  in  concrete  beams.  (20)  Adhesion  of 
concrete  to  tension  bars.  (21)  Besistances  to  shear  in  large  concrete 
beams.    (22)  Strength  of  solid  concrete  beams  under  transverse  stress. 

(23)  CodBScients  of  elasticity  of  concrete  for  tension  and  compression. 

(24)  Strength  of  steel  I-beams  encased  in  concrete.    (25)  Determina- 
tion of  best  method  of  testing  paving  bricks. 

P.  In  Hydraulics :  (26)  Water  hammer  in  pipes.  (27)  Measure- 
ment of  flow  of  water  in  pipes  by  use  of  Pitot  tubes. 

You  will  see  that  most  of  these  experiments  relate  to  problems 
of  great  interest  to  architects  and  engineers  at  this  time. 

We  earnestly  request  all  the  members  of  this  Society,  and  also 
those  belonging  to  other  engineering  societiej^,  to  suggest  problems  for 
investigation,  which  will  receive  careful  consideration  by  the  Board  of 
Direction.  It  is  the  chief  aim  of  this  Board  to  form  and  maintain 
intimate  relations  with  all  engineering  interests  and  to  labor  for  their 
benefit  and  advancement  wherever  possible.  The  success  of  the  En- 
gineering Experiment  Station  will  largely  depend  upon  the  good  will 
and  assistance  of  the  engineers  practicing  in  Illinois. 
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PRESIDENT'S  ANNUATi  ADDRESS. 

BY  JOHN  W.  ALVORD. 

It  was  my  miafortune  four  years  ago,  at  the  last  visit  the  Society 
made  to  Champaign,  to  become  so  lost  to  a  sense  of  propriety  as  to 
attempt  to  ridicule  the  ancient  custom  of  listening  to  the  annual  ad- 
dress of  the  President.  I  even  went  so  far  as  to  suggest  that  ^'Har- 
nessing the  Forces  of  Nature  to  the  Uses  of  Men"  was  a  rather  over- 
worked and  hackneyed  theme  for  these  occasions,  and  I  intimated  with 
a  somewhat  pitiable  attempt  at  sarcasm  that  there  were  at  times  high- 
flown  attempts  to  gather  the  credit  of  the  world's  progress  for  the 
year  beneath  the  rather  scanty  mantle  enfolding  our  profession. 

Gentlemen,  the  lightning  bolts  of  retribution  have  fallen.  A 
few  weeksi  ago  it  dawned  on  me  that  I,  too,  was  scheduled  to  deliver  a 
brilliant  panegyric  upon  the  annual  advancement  of  engineering  in  its 
conquering  career,  and  the  embarrassment  increased  as  I  realized  that, 
not  only  must  I  follow  humbly  in  the  wake  of  a  long  line  of  able  and 
eloquent  presidents,  but  must  emulate  addresses  which  have  richly 
endowed  our  Society's  literature,  and  annually  filled  our  heari»  with 
pride  and  joy.  Having  confessed  to  ])ast  irreverence,  doubtless  to  the 
keen  delight  of  our  past  presidents,  I  can  conceive  of  no  other  and 
better  amends  than  to  boldly  adopt  the  unjustly  belittled  title  of  four 
years  ago  and  inflict  upon  you  some  fragmentary  reflections  on  the 
art  of  "Ilamessing  the  Forces  of  Nature  to  the  Uses  of  Man." 

Far  back  in  the  vistas  of  my  memory,  my  father  owned  a  large 
raw-boned,  but  usually  well-disposed,  bay  mare,  whc  went  by  the 
name  of  Betty,  and  whose  duty  it  was  to  haul  the  family  chariot  up 
and  down  the  long  hill  that  lay  between  our  house  and  the  town.  In 
return  for  these  labors,  Betty  confidently  expected  and  duly  received 
three  messes  of  oats,  appropriate  hay,  a  straw  bed,  and  certain  other 
emoluments  and  privilege*?  daily,  which  she  learned  to  know  and  exact 
with  due  regard  for  contract  obligations  and  personal  dignity. 

At  an  early  date  in  my  career,  and  doubtless  with  a  view  of  in- 
stilling the  general  principles  of  subjugating  nature  to  the  wants  of 
man,  my  father  appointed  me  Chief  Engineer  of  the  barnyard,  espe- 
cially charged  with  the  duty  of  caring  for  and  harnessing  Betty  night 
and  morning.  Now,  as  Betty  stood  full  16  hands  high  and  my  altitude 
recorded  on  the  sitting  room  door  for  that  year  was  but  46  inches,  it 
may  be  imagined  that  the  task  was  herculean  in  its  difficulties  and 
dangers.  I  have  been  engaged  in  the  business  of  harnessing  up  natnre 
for  a  good  many  years  since  that  time,  but  may  truly  say  that  never 
have  I  had  a  job  at  once  so  disproportionate  and  so  embarrassing.  It 
was  necessary,  to  begin  with,  to  carefully  note  Bett/s  attitude  of  mind. 
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ordinary  horse  to  have  exerted  the  neccsfcary  foot-pounds  or  work  in 
the  proper  space  of  time.  Betty's  conduct  showed  her  superiority  and 
integrity.  She  was  always  allowed  her  own  time,  and  on  this  hill  had 
never  felt  the  touch  of  the  whip.  Her  method  of  approach  to  the  task 
was  scientific  and  rational.  At  a  distance  of  probably  25  rods  from 
the  foot  of  the  rise  her  rolling  gait  became  a  perfunctory  tn>t>  and 
from  a  trot  fell  to  a  leisurely  walk,  and  with  true  engineering  instinct 
she  took  advantage  of  a  considerable  level  space  to  cool  her  blood,  find 
her  wind,  and  conserve  her  energies  for  the  long  ascent.  Once  well  on 
the  hill  her  back  settled  and  her  lank  form  grappled  down  to  its  work. 
The  long  sinews  stood  out  in  her  legs,  and  in  due  course  of  time  dark 
spots  appeared  beneath  the  harness,  and  flecks  of  white  lather  began 
to  gather  on  her  flanks.  It  was  a  magnificent  spectacle  of  Nature  well 
harnessed  and  down  to  her  work.  The  spectators  were  sympathetic 
and  Betty  felt  their  appreciation.  I  have  said  that  Betty  was  a 
usually  gentle  and  well-disposed  animal.  Nevertheless,  there  were 
times  when  real  injuries  to  her  bill  of  rights  moved  her  to  passionate 
retaliation.  I  had  not  been  long  concentrating  my  attention  on  Betty's 
methods  when  I  observed  what  I  considered  a  serious  mathematical 
mistake  on  her  part.  The  approach  to  the  hill  and  the  speed  adopted 
on  its  slope  were  always  the  same,  regardless  of  the  load.  The  empty 
carriage  which  I  conducted'  home  every  morning  was  made  to  ascend 
the  hill  at  the  same  rate  as  the  crowded  vehicle  returning  from  church 
on  a  Sunday  noon. 

I  determined  early,  and  without  seeking  expert  engineering 
advice,  that  this  was  wrong,  and  that  Betty  should  see  clearly  by 
practical  example  that  a  light  load  meant  higher  speed  according  to 
all  technical  authorities.  Therefore,  the  next  time  I  was  alone  and 
she  began  to  slow  down  on  approaching  the  hill  she  felt  the  flick  of 
the  whip  on  her  haunches  and  lurched  forward  with  the  unexpected 
sensation.  Her  next  move  was  to  stop  full  in  the  road  and  deliberately 
look  around  to  see  if  I  was  in  my  right  mind,  and  when  she  started 
again  her  ears  tilted  back  in  a  way  which  should  have  warned  me  of 
trouble  had  I  had  a  larger  experience  in  the  hameesing  of  Nature.  On 
starting  the  asoent,  however,  another  flick  of  the  whip  told  Betty  that 
the  speed  expressed  in  foot-pounds  was  insufficient,  and  two  ears  laid 
horizontelly  backward  indicated  that  outraged  dignity  had  reached  its 
limit.  With  the  third  flick  of  the  whip  Betty  suddenly  stopped  and 
deliberately  kicked  a  hole  through  the  dashboard. 

Since  this  early  experience  I  have  come  to  watoh  closely  when  I 
have  detected  Nature  overloaded.  I  recall,  for  instance,  quite  recently 
seeing  a  young  and  healthy  creek  in  this  State,  which  had  broken 
through  its  bands,  cut  across  a  narrow  neck  and  left  the  water  supply 
for  a  city  of  4,000  people  high  and  dry  half  a  mile  away,  all  because 
a  10  foot  dam  had  been  built  where  a  dam  two  feet  in  height  would 
have  been  as  much  harness  as  Nature  could  stand.    And  Nature,  much 
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to  avert  its  dangers  by  all  that  experience  can  teach  us,  but  neverthe- 
less charitable  and  considerate  in  judging  others. 

Betty's  stall  opened  into  a  small  yard  which  overlooked  our  gar- 
den. Often  when  allowed  the  privileges  of  the  yard,  she  had  gazed 
through  the  paling  at  the  choice  cropping  that  might  be  had  in  that 
carefully  guarded,  plat  and  whinneyed  pathetically  at  the  waste  of 
such  good  greens.  The  garden  in  question  had  afforded  me  many  a 
weary  hour.  I  had  hoed  the  potatoes  when  I  could  hear  the  distant 
shouts  of  the  boys  at  baseball.  I  had  trollised  the  tomato  vines  when 
the  neighborhood  clan  was  in  smmming,  and  had  even  desecrated  Sat- 
urday afternoon  picking  peas  and  pruning  the  hawthorn  hedge. 

The  personal  labor  which  had  thus  ground  into  my  soul  never- 
theless left  me  exceedingly  watchful  to  protect  the  work  which  had 
cost  so  much  sacrifice, and  when  one  day  returning  from  school,!  espied 
Betty's  tall  form  in  the  peas,  and  knew  the  open  gate  had  at  last  given 
her  the  chance  she  desired,  I  rushed  to  the  protection  of  my  iudustiy. 
Swinging  my  school  books  by  the  long  strap,  I  seized  Betty's  tail  and 
whacked  her  flanks  with  considerable  force.  Her  tactics  were  entirely 
framed  to  gain  time  for  the  spoils.  She  moved  in  circles,  snatching  a 
mouthful  here  and  there  and  apparently  disregarding  my  punishment, 
and  quite  oblivious  to  the  gateway  to  which  she  knew  all  ray  energy 
was  directed. 

The  pace  she  set  was  so  rapid  that  I  was  soon  forced  to  hold  on 
for  self  protection,  where  I  had  begim  for  punishment.  Round  and 
round  we  circled,  faster  and  faster,  so  that  all  my  attention  soon  be- 
came obsorbed  in  keeping  my  footing.  We  crashed  through  the  tomato 
frame  where  I  perforce  left  my  hat  and  books ;  scraped  along  the  grape 
arbor  which  blinded  me  and  tore  my  coat.  An  instant  later  a  young 
pear  tree  emerged  from  under  Betty's  legs  and  smote  mo  heavily  in 
the  face,  and  finally  tripped  by  a  squash  vine,  I  was  dragged  several 
yards  through  the  mud  and  lost  my  liold  and  consciousness  about  the 
same  time.  When  I  was  brou<rht  to  mvself  bv  the  united  ministratirwis 
of  the  household  assisted  by  the  pump,  thoy  asked  me  ^*Why  I  did  not 
let  go,"  a  question  I  was  not  then  nor  since  able  to  answer  satisfao- 
torilv. 

Several  times  since  those  early  days,  \  have  found  mvself  holding 
on  to  Nature's  tail,  in  a  frantic  attempt  to  stop  a  wreck,  and  have 
afterwards  regretted  that  I  did  not  grapple  with  the  problem  in  a 
more  orderly  and  scientific  manner.  In  emergency  undertakings  it  is 
desirable  not  to  be  too  rash.  A  little  reflection  on  a  plan  is  time 
well  spent.  Again,  how  often  do  we  see  men  undertake  responsible 
work  in  which  they  have  had  little  or  no  previous  experience.  They 
must  believe,  with  strange  overconfidenco,  that  they  have  an  unusual 
intuition  which  will  make  experience  unneces:i?ary.  This  kind  of 
optimism  does  not  deliberately  intend  to  gain  experience  at  the  expense 
of  others,  but  such  are  the  results  in  almost  ever^/  case. 
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Impatience  is  a  common  failure  in  the  engineering  professsion,  as 
it  is  elsewhere.  The  rapid  increase  of  national  wealth  in  recent  years 
has  produced  on  all  sides  a  large  discontent  with  patience^  and  many  of 
us  are  not  content  with  the  painstaking  methods  and  well  graduated 
steps  which  lead  up  to  ripe  experience.  As  a  result,  most  of  us  have 
seen  examples  where  the  wrong  man  got  hold  of  Nature  by  the  tail  and 
held  on  for  reasons  he  could  never  afterwards  satisfactorily  explain. 

Finally,  I  would  point  out  that  it  is  a  wise  engineer  who  knows 
how  to  get  hold  of  Nature  at  the  right  end.  Much  agony  of  mind  and 
wasted  energy  would  be  saved  if  this  important  truth  could  be  borne 
in  upon  us  early  by  some  such  practical  example  as  I  have  related. 
One  of  the  most  important  ways  to  get  hold  of  Nature  by  the  right 
end  is  to  learn  the  fundamental  piinciple,  that  the  engineer's  first  duty 
is  the  thoughtful,  careful  and  efficient  work  which  will  be  a  credit 
both  to  himself  and  his  profe5»sion. 

This  must  fill  his  mind  before  the  question  of  emolument.  To 
make  money  for  himself  is  not  the  first  biisinofs  of  the  engineer.  It 
is  only  a  necessary  incident.  No  man  can  properly  fill  the  highest 
positions  of  trust  such  as  come  to  our  profession,  when  his  mind  is 
full  of  selfisli  interests,  and  when  an  engineer  starts  out  to  make 
money  as  a  first  consideration,  and  do  j.-ngineoring  incidentally,  he 
thoughtlessly  gets  hold  of  Nature  at  the  wrong  end,  and  usually  de- 
stroys a  great  deal  of  good  garden,  with  very  little  gain  to  himself  in 
his  struggles  to  hold  on. 
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MUNICIPALLY  OWNEP  WATER,  GAS  AND  ELECTRIC 

LIGHT  PLANTS. 

BY  F.  E.  HERDMAy. 

(superintendent  of  public  works,  winnetka,  ill.) 

Why  should  there  bo  any  distinction  between  municipally  owned 
water,  gas  and  light  plants  and  similar  plants  owned  by  private  in- 
dividuals? The  mechanical  questionR  involved  in  both  cases  are  the 
same  and  the  financial  questions  and  management  should  be  the  same. 
I  say  should  be  the  same,  for  unfortunately  in  many  cases  they  are 
not;  and  that  fact,  and  also  the  fact  that  the  corrupt  influences  of 
money  interests  have  triumphed  over  the  needs  of  the  people  in  pre- 
venting needed  legislation,  makes  the  discussion  of  municipally  owned 
plants  a  sepaj-ate  subject  from  privately  owmed  plants.  The  distinc- 
tion being  the  financial  and  legislative  or  political  side,  I  will  devote 
my  time  to  showing  the  difliculties  in  the  way  of  mimicipal  plants; 
what  should  be  expected  of  our  legislature,  and  what  can  be  done. 

It  is  a  fact  that  in  this  great  country  founded  on  the  principle 
of  a  government  for  the  people  and  by  the  people,  there  are  many 
municipalities  not  deserving  of  self-governmont,  because  the  people 
do  not  take  that  interest  in  their  municipal  affairs  which  as  loyal  citi- 
zens they  should.  If  a  man  invests  money  in  a  private  corporation 
he  immediately  takes  great  interest  in  it  from  selfish  motives;  why 
should  he  not  do  the  same  with  the  municipality  whore  he  lives,  for 
the  same  reason  if  not  others?  Here  he  is  constantly  investing  money 
and  whv  should  not  those  investments  be  watched  with  the  same  care 
as  a  private  corporation?  A  municipality  f-iiould  be  con-iidered  md 
operated  the  same  as  a  private  corporation,  the  only  difference  being 
that  all  its  citizens  are  the  stockholders,  each  having  a  vote  of  which 
he  cannot  be  deprived. 

I  believe  that  the  people  are  beginning  to  more  fully  recognize 
these  conditions  with  a  corresponding  improvement  in  municipal  af- 
fairs; and  hope  that  in  the  near  future  it  will  bo  to  such  an  extent 
that  the  only  distinction  which  will  be  made  botwev'n  municipal  plants 
owned  and  operated  by  private  capital  and  those  owned  and  operated 
by  a  municipality  will  be  that  in  the  latter  case  all  tlie  people  are 
profiting  by  them,  instead  of  only  a  few.  When  our  citizens  will  take 
this  interest  in  municipal  affairs,  what  a  satisfaction  it  will  be  to  the 
engineer  in  charge  to  know  that  he  can  handle  the  plants  fearlessly 
on  the  basis  of  business,  instead  of  being  hampered  by  graft  and 
favoritism ;  and  what  a  groat  benefit  the  people  themselves  will  reap 
from  it.     Legislation  is  needed.     Provision  is  made  by  our  Legisla- 
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rants  at  par,  tliereby  permitting  us  to  get  cash  prices  for  all  machin- 
ery. The  peculiarity  of  this  transaction  wns  that  the  time  warrants 
were  made  out  directly  to  the  contractor  and  were  received  by  him 
in  direct  exchange  for  his  goods. 

The  plant  was  installed  strictly  under  tlie  head  of  a  street  light- 
ing plant,  to  prevent  legal  complications.  Having  it  installed,  the 
village  had  undisputed  right  to  sell  the  surplus  light,  provideii  no 
one  was  damaged  by  so  doing.  As  the  village  had  given  no  right  to 
any  individuals  or  corporations  to  manufacture  and  sell  light,  there 
was  no  opportimity  for  damages  from  that  source.  As  the  tax-payer 
was  l>ene(ited  he  had  no  cause  for  interference.  Therefore  bv  a  careful 
maneuvering  the  village  has  been  able  to  own  absolutely  a  municipal 
lighting  plant,  whose  revenue  has  already  grown  to  $12,000  a  year 
and  is  still  growing. 

We  are  now  planning  for  a  municipal  fuel  gas  plant.  This  requires 
similar  maneuvering,  in  some  ways  more  di^l^cult  and  in  other  ways 
easier.  Having  provided  street  lighting  we  have  not  that  excuse ;  besides 
our  aim  is  cheap  fuel  and  not  light  To  create  the  need  for  such  a  plant 
we  will  install  it  primarily  for  furnishing  fuel  to  our  present  water 
and  electric  light  plants,  and  substitute  gas  engines  for  the  present 
steam  engines  and  pumps. 

On  the  basis  of  a  fuel  plant  for  our  water  plant  we  have  ample 
authority  for  legally  raising  the  neeessar}'  funds,  and  in  this  wav  an 
easier  proposition  to  finance  than  the  electric  light  plant.  As  the 
most  practical  location  in  our  village  for  a  gas  plant  is  the  southern 
limits  of  the  village  and  the  power  plant  is  near  the  north  end,  a 
main  artery  is  also  provided  through  the  center  of  the  village.  Grant- 
lag  that  from  an  engineering  standpoint  thi^  distance  between  power 
plant  and  gas  plant  is  not  the  best,  it  must  be  remembered  that  in  sudi 
problems  there  are  always  otlier  factors  of  weight.  With  the  fuel  gas 
plant  in  operation  we  have,  as  in  our  light  phmt,  a  perfect  right  to 
sell  our  surplus  fuel. 

Our  water  and  light  plants  are  combined  in  one  power  Itouse  on 
the  beach  at  the  foot  of  the  bluffs,  80  ft.  high.  Soft  coal  screenings 
are  used,  which  are  dumped  into  a  chute  coTmected  with  a  bin  at  the 
foot  of  the  bluff.  Under  the  roof  of  the  power  house  is  a  5-ton  bin 
which  feeds  directly  into  the  hoppers  in  front  of  the  furnaces. 
Under-feed  mechanical  stokers  are  used  with  such  good  results  that 
for  four  years  we  have,  while  using  soft  coal,  fully  complied  with  a 
contract  between  the  village  and  property  owners  to  use  hard  coal  or 
other  fuel  producing  no  more  smoke,  bur  water  is  pumped  to  an 
elevation  of  200  ft.  above  the  lake  into  a  tank  of  50,000  gallons  captuN 
ifr,  giving  a  pressure  of  from  50  to  70  lbs.  throughout  our  village, 
depending  on  the  elevation.  The  indicated  pumpage  is  about  SO,- 
000,000  gallons  per  year,  with  a  slippage  averaging  5^,  or  an  actual 
pnmpage  of  about  76,000,000  gallons.  This  costs,  allowing  for  de- 
preciation, from  5  to  5^  cts.  per  1,000  gallons  to  put  into  the  mains. 
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and  light  plants  we  will  have  cause  to  be  satisfied.  What  I  liave  said 
will  give  some  idea  of  what  can  be  done  in  the  way  cf  municipal  owner- 
ship of  water,  light  and  fuel  plants;  of  the  difficulties;  to  be  met  with, 
and  a  line  of  legislation  to  which  the  State  Legislature  will  give  some 
attention  if  it  wishes  to  care  for  the  interests  of  the  people. 

There  can  be  no  question  that  if  the  people  of  this  great  nation 
have  the  intelligence  and  ability  to  create  and  operate  this  national 
government  for  the  people  and  by  the  people  then  a  community  of  a 
small  portion  of  the  same  people  of  the  same  average  intelligence  and 
ability  as  the  whole  is  capable  of  operating  a  municipal  utility  plant 
or  plants  which  are  for  the  common  good  and  xifc  of  the  people  of  that 
community.  A  lack  of  legislation  can  only  be  duo  to  pressure  on  our 
legislature  to  sacrifice  the  needs  and  good  of  the  people  for  the  selfish 
interests  of  a  few,  and  I  beliove  that  the  increased  interest  in  munici- 
pal ownership  of  public  utilities  will  force  the  necessary  legislation  and 
will  also  produce  the  desired  improvement  in  the  administration  of 
our  municipalities.  Taxes  put  into  municipal  plants  will  be  tangible 
assets,  and  as  such  will  more  directly  a.])p(^>al  io  the  people  and  create 
that  interest  and  publicity  which  is  the  soil  from  which  grows  good  and 
eificient  government. 

DISCUSSION. 

President  Alvoud  :  This  paper  is  an  interesting  presentation  of 
what  can  be  done  by  a  municipiility  when  it  earnestly  sets  about  it. 
1  have  had  some  occasion  to  know  about  the  difficulties  to  be  met  in 
these  municipal  enterprises,  which  have  been  met  here  with  great  skill. 
A  large  part  of  the  success  of  this  Winnctka  enterprise  is  due  to  Mr. 
Herdman,  whose  capabilities  and  technical  education  have  materially 
assisted  the  village  in  bringing  about  these  desirable  results.  I  know 
of  no  other  case  at  all  like  it,  in  this  part  of  the  country,  where  a  vil- 
lage has  deliberately  and  consistently  provided  itself  with  so  many 
public  utilities. 

I^ROF.  A.  N.  T.albot:  I  visited  the  ])lant  at  Winnetka  last  sum- 
mer, and  found  it  to  Ik*  a  renmrkablo  plant,  almost  ideal,  and  the 
arrangement  for  burning  slack  coal  without  making  smoke  is  certainly 
very  successful.  Attention  ought  to  l)e  called  particularly  to  this 
CBBe:  where  a  village  has,  without  seemingly  any  specific  authority  of 
law,  and  without  more  than  the  ordinary  tmancial  opportunities,  been 
able  to  install  a  plant  and  furnish  electric  liirht  in  a  commercial  way. 
Of  course  they  were  aided  by  their  skill  and  shrewdness  in  getting 
payment  from  the  telephone  company  for  the  right  to  let  telephones 
into  the  village.  At  the  time  it  was  installed  a  city  or  village  had  no 
legal  right  to  sell  light  to  private  consumers,  but  Winnetka  went  ahead 
and  collected  those  rentals,  knowing  that  the  consumer  would  be  cut 
off  at  the  end  of  the  month  if  payment  wa.s  not  made  and  the  only 
loss  to  the  village  would  be  the  revenue  for  the  month. 
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As  has  been  said,  a  large  part  of  the  success  of  this  enterprise  is 
due  to  Mr.  Herdman's  ability  and  attention.  He  was  at  the  time 
President  of  the  Village  Board,  and  for  the  la.st  two  years  has  occu- 
pied the  position  of  Superintendent  of  Public  Works  of  the  village, 
and  gives  part  of  each  day  to  that  work.  The  office,  as  carried  on 
there,  is  quite  different  from  anything  elsewhere  in  this  State.  Mr. 
Herdinan's  experience  and  technical  ability  in  his  general  engineering 
practice  has  enabled  the  village  to  do  work  that  could  not  have  been 
done  under  other  conditions. 

President  Alvord  :  This  case  shows  the  value  of  technical  edu- 
cation in  the  smaller  villages  of  our  State.  It  is  one  of  the  hopes  of 
the  times  that  when  we  get  a  State  full  of  technically  trained  young 
men  who  know  how  to  do  those  things,  and  can  point  out  the  way  to 
do  them,  that  they  will  bring  us  to  an  ideal  existence  where  the  mu- 
nicipalities can'  be  supplied  with  n  great  many  more  of  the  essentials 
and  comforts  of  life  as  public  utilities  than  they  now  possess. 

Prop.  Baker  :  I  have  been  waiting]:  for  somebodv  to  sav  that  Mr. 
Herdman  received  his  teclmical  education  and  training  at  the  TJniver- 
sitv  of  Illinois. 
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THE  MUNICIPAL  ELECTKIC  LIGHT  AND  WATER  WORKS 

OF  PATJIS. 

BY  D.  H.  SAWYER.    (MBMBBR.) 

The  Paris  water  works  was  established  in  1S78,  when  a  small 
stream  at  the  southern  border  of  the  city  was  banked  up  and  a  direct 
supply  of  water  furnished  through  a  small  pumping  plant.  This  sup- 
ply soon  became  inadequate  and  resort  was  made  to  shallow  driven 
wells.  Eight  of  these  were  driven  at  a  point  i-mile  from  the  plants 
whence  the  water  flowed  bv  oravitv  throuorh  tile  to  the  small  reservoir. 
This  experiment  alw)  providing  an  inadequate  supply,  the  only  other 
available  source  lay  in  impounding  the  water  of  Sugar  Creek,  a  small 
country  stream  IJ  miles  north  of  the  businesir  district  of  the  city. 
In  1895  it  was  decided  to  utilize  this,  and  a  20-it  concrete  dam  was 
built  across  the  stream  at  a  narrow  point  which  formed  a  water  basin 
of  about  60  acres.  Interest  in  the  constniction  of  the  dam  seems  to 
have  occupied  all  attention,  for  the  reservoir  bottom  was  neglected  to 
the  extent  of  simply  cutting  off  the  trees  and  heavy  brush,  allowing 
stumps  and  small  vegetation  to  remain. 

Owing  to  a  disagreement  in  1886  \vath  the  company  then  supply- 
ing the  city  with  gas  light,  it  was  decided  to  establi<^h  a  system  of  are 
lighting,  combining  this  with  the  water  plant  into  one  central  station. 
The  system  installed  was  the  Ft.  WajTic-Jenney  and  comprised  three 
dynamoe  supplying  83  open  arcs  at  the  time  the  change  was  made  to 
the  present  system.  The  light  plant  was  moved  to  the  present  loca- 
tion at  the  same  time  it  became  necessarv  to  move  the  water  works. 
The  present  station,  consisting  of  engine  room,  boiler  room  and  coal 
bunkers,  is  situated  on  the  south  bank  of  the  reservoir,  close  to  the 
site  of  the  danL  The  two  boilers,  of  the  fire-tube  type,  were  made 
in  Terre  Haute,  and  have  a  niting  of  150  H.  P.  each.  They  have 
been  in  continuous  service  for  about  20  j'ears,  having  been  moved 
from  the  old  station  to  their  present  location.  The  simple  high-speed 
Ide  engine  is  belt  connected  to  a  125-lamp  Brush  d>7iamo.  The  ser- 
vice pump  is  a  duplex  triple-expansion  Worthington,  rated  at  2,500,- 
000  gallons  per  day.  The  Blake  reserve  pump  has  a  rating  of  1,000,- 
000  gallons  per  day. 

The  main  pump  suctions  are  located  in  a  well  supplied  with 
water  by  a  series  of  drain  tiles  radiating  out  into  the  reservoir.  An- 
other suction  drawing  from  the  deep  water  back  of  the  dam  is  some- 
times used  in  smnmer  when  the  water  in  the  well  becomes  foul.  The 
pump  discharge  passes  into  a  1 2-in.  pipe  which  nms  in  a  straight  line 
through  the  center  of  the  city  to  an  elevated  tower  at  the  site  of  the 
former  water  works,  a  distance  of   2^  miles.      Auxiliary  apparatus 
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tion  of  16  which  axe  carried  by  four  steel  towers  125  ft.  high.  The 
lamps  are  all  2,000  candle  power.  General  Electric,  enclosed,  6.6  am- 
peres, 72  volts,  operating  on  a  moonlight  schedule.  Trouble  on  the 
lines,  repairs  and  extensions  are  in  charge  of  the  trimmer,  who  em- 
ploys assistants  when  required. 

Control  of  the  water  and  light  «lepari:inent  is  vested  in  a  board 
of  three  aldermen,  elected  yearly  by  the  City  Council.  This  board 
has  no  stated  times  for  meeting,  but  leaves  the  active  management  to 
the  superintendent,  and  meets  only  when  matters  of  importance  are 
to  be  decided.  The  collecting  of  water  rates  is  combined  with  that  of 
trimming  the  arc  lamps,  and  is  in  the  hands  of  one  man,  who,  besides 
performing  these  duties,  has  oversight  of  repairs  of  the  water  and 
light  system.  Day  and  night  engiueman  and  night  fireman  have 
charge  of  the  station,  the  day  enirineman  lookiug  after  repairs,  while 
the  last  two  simply  operate  the  plant  durin?  their  run.  The  board 
enters  into  a  contract  for  certain  supplies  as  follows:  Southern  In- 
diana coal,  f.  0.  b.  cars  at  Paris,  $2.20  per  ton ;  hauling  coel  from  cars 
to  station,  2 J  miles  approximately,  ?»0  cts.  per  ton ;  engine  oil,  22  cts., 
and  cylinder  oil  32  cts.  per  gallon ;  carbons,  $26.50  per  1,000. 

STATISTICS  OF  PARIS  WATER  WORKS  DEPARTMENT,   1903. 

« 

Revenue: 

Receipts   from   consumers $6830.73 

Making  new  taps 336.00 

Total    revenue    $7166.73 

DlSBUBSEMENTS : 

Superintendence   and   collecting $720.00 

Pumping  Station : 

Engineman  and  firoman $  060.00 

Coal   2230.40 

Oil  and  other  supplies 81.65 

Repairs 148.20 

3420.25 
Dist'b'tion  system,  services  and  rep'rs  2386.25 

$6626.50 

Interest  on   bonds 915.00 

Total  operating  expenses  $7441.50 

Water  main  extension $5461.51 

Purchase  of  reservoir  property   858.75 

$6820.26 

Grand    total $13761.76 
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ably  mechanical  filtxation.  By  the«e  means  the  capacity  of  the  reser- 
voir would  not  be  decreased  and  the  city  would  be  given  a  wholesome 
water  for  all  purposes. 

With  the  exception  of  the  boilers,  the  station  is  Bfi  efficient  as 
might  be  expected  of  a  plant  under  our  conditions.  The  boilers  are 
inefficient,  as  is  readily  seen  from  the  item  of  evaporation;  they  are 
operated  at  low  steam  pressure  for  safety,  and  are  so  old  as  to  require 
frequent  repairs.  This  fault  will  be  corrected  within  the  next  few 
months  by  replacing  the  old  boilers  with  new  ones  of  a  water  tube-type. 
The  item  of  coal  hauling  has  amounted  to  nearly  $600  in  the  past 
year,  which  indicates  a  loss  that  might  be  corrected  by  building  a 
switch  from  the  railway  half  a  mile  away.  The  water  distributioii 
system  and  the  light  circuits  have  been  extended  piecemeal,  but  care 
has  been  used  in  doing  this  and  their  only  requirements  \^'ill  be  those 
incident  to  usual  maintenance  and  extension. 

From  a  study  of  the  plant  it  would  seem  that  the  original  plan 
was  a  wise  one,  that  its  subsequent  development  has  been  thoughtfully 
carried  out>  and  in  its  present  state  it  ranks  well  with  those  under 
similar  conditions. 

DISCUSSION. 

The  Presidknt:  It  is  very  desirable  and  instructive  to  have 
records  of  this  kind,  with  reference  to  the  working  conditions  and  ex- 
penses of  plants  of  this  character.  They  are  of  more  importance  than 
most  of  us  realize  for  convenient  and  readv  reference. 

« 

Prof.  Talbot  :  I  would  like  to  ask  Mr.  Kemp  as  to  the  cost  and 
operation  of  the  water  works  at  Kewanee. 

Mr.  Kemp:  We  have  a  deep  well  plant  consisting  of  three  wells 
running  down  into  the  St.  Peter  sandstone,  two  of  which  are  giving 
efficient  service  at  the  present  time.  We  have  the  Cooke  and  the 
Knowles  deep  well  pumps,  which  we  are  expecting  to  replace  soon 
with  two  new  Luitwieler  deep  well  pumps,  one  15-in.  and  one  IS-in. 
head.  The  wells  are  1,480  ft.  deep  with  7-in.  and  9-in.  drop  pipes. 
We  lift  the  water  about  200  feet  and  our  coal  expense  amounts  to  7  cte. 
per  1,000  gallons  pumped.  Our  consumption  is  very  small,  averaging 
during  the  entire  year  from  210,000  to  220,000  gallons  per  day.  Ours 
is  not  a  very  large  system,  there  being  about  000  consumers.  We  have 
an  8-in.  meter  on  a  bv-pass  on  the  10-in.  main  supply  pipe.  The  first 
three  months  following  the  installation  ^^howed  67.8^  of  the  water 
pumped  as  re-metered  to  consumers.  I  then  made  a  thorough  exam- 
ination of  the  meters  and  replaced  about  30  which  were  not  giving 
satisfaction  in  registering,  and  the  next  quarter  it  ran  up  to  71.2^, 
This  percentage  does  not  include  the  water  supply  of  18  flush  tanks. 
These  are  regulated  by  monthly  inspection,  and  the  man  in  charge 
uses  a  stream  of  sufTicient  size  to  (lush  the  tanks  twice  a  dav.     Bv 
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The  concrete  of  the  three  Bections  \rt\e  bonded  together  in  the 
horizontal  jointe  by  8-in,  sMps  of  galvanizod  imn,  8  to  10  ft.  long,  set 
on  edge  and  embedded  to  a  depth  of  4  in.  in  the  concrete,  leaying  4  in. 


exposed.  The  next  daj-,  tlie  sinfjice  of  the  lower  section  would  be 
carefully  cleaned  with  a  wire  brii^ti,  jjivcn  a  coating  of  neat  cempnt, 
and  thegi  the  new  concrete  for  the  upper  Bcction  waa  applied,  the  iron 
strips  being  thus  embedded  in  both  sections.     Further  bonding  waa 
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THE  WATER  SUPPLY  OF  CHAMPAIGN  AND  URBANA,  ILL. 

BY  F.  C.  AM8BARY   (MANAGER,  CHAMPAIGN  &  URBANA  WATER  CO.). 

In  the  early  'SO'p,  several  enterprising  citizens  of  Champaign 
associated  themselves  into  a  coal  mining  company  and  commenced  the 
sinking  of  a  shaft.  All  went  well  until  the  contractor  was  forced  to 
abandon  work  on  account  of  an  excess  of  water  in  the  shaft.  Some 
logical  member  of  the  company  thought  he  saw  an  opportunity  to  get 
out  of  the  hole  as  it  were,  and  suggested  a  waterworks  system,  with  the 
shaft  as  a  source  of  supply.  In  the  year  1885  the  plant  was  built  to 
supply  Champaign,  and  a  little  later  TTrbana  was  connected.  A  ver- 
tical, duplex  pumping  engine  was  placed  in  the  shaft,  the  steam  ends 
above  ground  and  the  water  ends  down  perhaps  80  ft.,  and  for  some 
time  water  was  supplied  in  thia  manner,  pumping  direct  into  the  mains. 
The  cribbing  of  the  shaft  was  poorly  constructed,  and  the  action  of 
the  pump  (with  its  long  piston  rods)  on  an  insecure  foundation  soon 
caused  the  cribbing  to  give  way  in  places.  After  a  hard  fight  of  sev- 
eral years'  duration  the  shaft  supply  was  given  up. 

The  next  move  was  to  establish  tube  wells,  several  were  sunk  to  a 
depth  of  160  ft.  located  inside  the  pump  house,  where  a  much  superior 
supply  both  in  quality  and  quantity  was  found.  Cook  deep  well  steam 
heads  were  installed,  and  a  small  storage  reservoir  ccnfitructed  on  the 
surface  near  the  pump  house  to  receive  the  discharge  from  the  deep 
wells.  A  pressure  pump  erected  inside  the  pump  house  took  water 
from  the  basin  outside  and  forced  it  directly  into  the  distributing  sys- 
tem, ^rhis  plan  was  in  operation  several  years,  but  the  service  was 
indifferent,  owing  to  the  frequent  breaking  down  of  the  deep  well 
pumps.  The  working  barrels  or  cylinders  of  these  pumps  were  swedged 
into  the  casing  of  the  wells,  and  as  the  wells  were  not  plumb,  the  re- 
sult was  that  holes  were  worn  through  the  casings,  caused  by  the  rods 
lathing.  Considerable  earth  was  admitted,  causing  the  undermining 
of  the  building  and  pump  foundations.  The  old  abandoned  shaft, 
located  in  the  center  of  the  puuip  room,  had  been  filled  with  dirt, 
cinders,  and  some  say  straw,  and  added  to  the  general  uncertainty  of 
the  ground  by  continually  settling.  It  was  difficult  to  keep  up  the 
supply,  and  I  am  told  that  at  times  almost  the  only  pressure  that  ob- 
tained about  the  pump  house  emanated  from  the  Council  Cliamber 
at  the  City  Hall. 

In  1897,  the  company  supplemented  its  pumping  facilities  by  the 
installation  of  an  air-lift  outfit;  four  new  wells  were  sunk  outside  the 
pump  house,  a  cross-compound  air-compressor  was  erected  inside  the 
building.  This  gave  the  company  five  Cook  deep  well  pumps  and 
four  air-lift  wells.     The  water  consumption  at  that  time  was  about 
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When  I  state  that  we  have  about  80  flush  tanks  and  a  dozen  watering 
troughs,  running  a  constant  stream  at  all  times,  you  will  see  that  we 
have  a  very  good  cushion  to  pump  against.  We  liave  two  pulley  wheels 
on  both  the  engine  and  the  triplex  pump  in  order  to  get  a  day  speed 
and  a  night  speed ;  a  belt  tightener  enables  us  to  shift  the  belt  quite 
easily.  It  is  intended  to  change  these  pulleys  when  the  consumption 
of  water  increases  to  a  point  where  this  would  be  desirable.  At  the 
present  time  we  are  running  this  pump  at  about  half  its  rated  capacity. 

With  the  old  machinery  it  was  necessary  to  run  nine  wells,  and 
not  sufficient  water  was  obtained.  With  the  present  machinery,  wc 
are  running  ^ve  wells  in  the  daytime  and  four  at  night;  yet  the  basins 
are  always  running  over  in  the  morning,  and  this  with  an  increase  of 
12j^  in  consumption. 

Three  new  wells  were  sunk  during  the  past  year  in  order  that  we 
might  have  a  supply  sufficient  to  carry  on  business  in  the  event  of 
something  going  wrong  with  either  the  CorlisB  engine  or  the  generator. 
These  wells  are  connected  by  belt  and  .•=hafting  to  the  Corliss  engine, 
the  belts  and  shaft  being  all  in  tunnels.  We  have  an  independent 
engine  located  in  a  building  by  itself  with  belt  all  ready  and  steam 
on  so  that  it  could  be  started  up  quickly.  This  engine  will  run  the 
three  new  wells,  which  are  equipped  with  Luitwielor  "Triumph"  pump- 
ing engines,  or  power  heads,  one  of  which  you  may  see  in  operation 
at  the  waterworks  of  the  lTniversit\'.  We  have  two  of  our  wells 
equipped  with  steam  pumps,  one  double  and  one  single.  This  will 
give  us  five  wells  that  we  could  run  with  the  generator  or  Corliss 
engine  out  of  service.  It  is  the  intention  to  add  more  wells  when  they 
are  needed,  located  so  that  they  can  be  driven  by  the  shaft  now  in 
service. 

The  writer  is  well  aware  that  still  greater  economy  in  fuel  could 
be  obtained  had  the  deep  pit  plan  been  adopted,  using  vertical  pumps 
delivering  water  direct  from  the  water-bearing  sand  to  the  mains,  but 
the  element  of  risk  attending  the  construction  of  a  suitable  pit,  and 
the  great  expense  of  installation,  decided  us  against  it.  The  small 
amount  of  water  pumped,  about  800,000  gallons  per  day,  does  not 
admit  us  into  the  high-duty  cla.ss  of  pumping  engines.  In  addition 
to  the  triplex  pump  we  have  two  compound  duplex  pressure  pumps 
with  a  combined  capacity  of  2,500,000  gallons.  We  have  four  horizon- 
tal tubular  boilers,  two  of  which  are  under  fire  at  a  time.  They  give 
us  sufficient  reserve  to  take  care  of  fires. 

The  water  bearing  sand  is  found  under  a  stratum  of  blue  clay, 
perhaps  50  feet  thick,  which  protects  the  supply  from  surface  contam- 
ination. Analyses,  both  chemical  and  bacteriological,  show  the  water 
to  be  of  superior  quality,  and  it  is  recommended  by  the  experts  of  the 
University  and  the  Board  of  Health,  as  being  safe  and  wholesome. 

As  already  mentioned,  the  water  i?  delivered  from  the  wells  into 
the  small  basin.    We  enlarged  this  basin  somewhat  by  building  the 
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THE  HENNEPIN  CANAL. 

BY  JAMES  C.  LONG   (U.  8.  ASSISTANT  ENGINEER,  PRINCETON,  ILL.) 

This  canal,  oflicially  known  as  the  Ilinois  and  Mississippi  Canal, 
is  intended  to  be  a  link  in  a  waterway  from  Lake  Michigan  at  Chicago 
to  a  point  on  the  Mississippi  Eivcr  at  the  mouth  of  Eock  River,  four 
miles  below  the  city  of  Rock  Isdand,  111.  It  is  being  built  by  the 
United  States,  and  is  under  the  general  charge  of  Captain  C.  S. 
Riche,  Corps  of  Engineers,  U.  S.  Army.  The  Feeder  Line  and  West- 
em  Section  are  under  the  local  charge  of  L.  L.  WTieeler,  U.  S.  Assistant 
Engineer,  and  the  Eastern  Section  is  under  the  local  charge  of  J.  C. 
Long,  TJ.  S.  Assistant  Engineer. 

The  canal  begins  at  the  great  bend  of  the  Illinois  River,  If  miles 
above  the  town  of  Hennepin,  111.,  proceeding  thence  G2  miles,  via 
Bureau  Creek  Valley  and  over  the  summit  to  Rock  River  at  the  mouth 
of  Green  River,  near  Colona,  111.,  thence  ))y  slackwater  down  Rock 
River  8^  miles,  thence  by  canal  around  the  lower  rapids  of  Rock  River 
4J  miles  to  the  Mississippi  River,  making  a  total  distance  from  the 
Illinois  to  the  Mississippi  River  of  75  miles,  and  193J  miles  from 
Chicago  to  the  Mississippi  River. 

The  canal  is  80  ft.  wide  at  water  surface,  7  ft.  deep,  with  lock 
chambers  170  ft.  in  length  and  35  ft.  in  width,  capable  of  passing 
barges  of  600  tons  burden.  The  summit  level  is  about  11  miles  in 
length,  and  the  distance  from  its  eastern  end  to  the  Illinois  River  is 
18.4  miles,  with  a  difference  of  level  of  19G.4  ft.,  which  is  overcome 
by  21  locks.  The  distance  from  the  western  end  of  the  summit  level 
to  the  Mississippi  River  is  45.6  miles  and  the  difference  in  level  of 
100  ft.  is  overcome  by  1 1  locks.  The  summit  level  is  fed  by  a  navig- 
able feeder,  which  is  of  the  same  size  as  the  main  canal  and  29  miles 
long,  beginning  near  Sterling,  111.,  where  water  for  the  feeder  is 
obtained  by  damming  Rock  River.  A  lock  is  located  at  the  head  of 
the  feeder,  as  a  guard  lock,  also  to  enable  boats  to  pass  from  the  feeder 
into  the  river  and  back,  at  the  different  stages  of  the  water  in  the 
river.  The  dam  located  here  also  creates  slackwater  in  Rock  River, 
enabling  boats  to  navigate  it  as  far  as  Dixon,  111.,  giving  that  place,  aa 
well  as  Sterling,  water  connection  with  the  canal. 

Work  was  begun  on  the  canal  in  July,  1802,  on  the  Mississippi 
near  the  mouth  of  Rock  River,  and  the  4J  miles  of  canal  around  the 
lower  rapids  of  Rock  River,  with  slackwater  in  the  river  above,  vras 
completed  and  formally  opened  to  navigation,  April  17,  1895,  and 
since  that  time  has  been  largely  used  by  coal  boats  from  the  mines  on 
Rock  River.  The  feeder  and  the  rest  of  the  canal  are  still  under  con- 
struction and  are  about  75^  completed.    The  original  estimate  of  the 
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Canal  ib  180  cu.  ft.  per  second,  but  I  hardl;  thick  that  any  e 
who  has  examined  this  subject,  now  believes  the  quantity  needed  will 
be  as  low  as  that  amount.  Other  estimates  vary  from  300  to  500  cil 
ft.  per  second,  with  even  greater  demands  on  the  river  at  the  time  at 
which  the  canal  is  to  be  filled.  During  the  first  year  or  two  after  the 
canal  is  put  in  service  and  until  the  bed  and  banks  beoome  thoroughly 
silted,  it  is  expected  that  even  a  larger  amount  of  water  may  be  also 
used  than  the  maximum  estimate  mentioned  above.  It  will,  therefor^ 
be  seen  that  at  periods  of  extreme  minimum  Sow  the  entire  fiow  of  the 
river  may  be  needed  for  feeding  the  canal. 

The  great  variation  in  ccmditions  to  which  any  estimate  of  this 
kind  is  subjected,  may  be  understood  from  the  fact  that  in  the  present 


Erie  Canal,  which  has,  within  a  few  years  been  dredged  and  deepened, 
various  sections  on  which  measurements  of  seepage  were  made  show 
losses  varying  from  6  or  8  ins.  per  day  to  as  high  aa  18  or  19  ins.  per 
day  over  tiie  entire  water  surface.  In  many  foreign  canals,  where  great 
care  is  taken  to  make  the  beds  tight  by  puddling  and  other  means,  iba 
losses  have  been  reduced  as  low  as  2  ins.  On  account  of  the  great  cost 
of  Buch  woric,  no  results  of  this  sort  are  practicable  in  this  country  at 
presoit. 

^e  relations  of  the  mean  monthly  stream  flow  of  the  Bode  River, 
as  demonstrated  by  government  gangings  at  the  United  States  dam, 
near  Milan,  111.,  and  the  U.  S.  ramf^  records  over  the  watershed,  are 
shown  in  the  following  table,  taken  from  the  report  previously  men- 
tioned: 
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Rainfall  on  Watbrshbd  of  Rock  Rivbr  (Inches). 

Dec.     Jan.     Feb.    Mar.    Apiil     May    Jnae     Jnly     Anir*    Sept.     Oct.     Not. 

1895..  90        96     3.19     1.56     3.16     2.85     1.99       .64.2.33 

1896..     2.23       .73     1. 10     1.27     4.04     5.15     2.97     5.05     2.36     5.81      1.20     X.59 
1897..        .70     3.01     1.08     3.16 

DiSCHAROB  OF  THB  ROCK  RiVBR  AT  MiLAN  DaM. 

(Mean  Monthly  Discharge  in  Cubic  Feet  per  Second.) 

1895..  8800    3792    3375    1613    1775    1445    1794    1287    1613 

1896..     2438    2010    4953    3647    3586    5141    3062    1785    2283    3103    2283    2540 
1897. .     1938    4760    4814  19665 

(Run-Ofif  in  Cubic  Feet  Per  Second  Per  Square  Mile. ) 

1895..  765     -347     -3^0    -148     .183     .133     .165     .118     .148 

1896..      .224     .105     .455     .334     .330    .473     .282     .184     .210     .286     .210     .234 
1897..      .178     .438     .443  1.809 

(Run-Ofif  Depth  in  Inches  on  Watershed.) 


1895.. 
1896.. 

1897.. 

•25 

.21 

.21 
51 

.88       .39       .36       .17       .21       .15 
.48       .38       .38       .54       .32       .21       .24 
.47     209 

(Run-Off  in  Percentage  of  Rainfall.) 

.18 
.33 

•M 
•24 

•17 
.26 

1895.. 

1896.. 

II. 2 

28.8 

.98      .41     11.3     II. I       6.7      5.3 
43.6      .30    9.4       lo.s     10.8      4.2     10.2 

91 

58 

21.9 

20  0 

7.3 
16.3 

1897..       30.       16.9     43.5       .66 
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FLOODS  AND  FLOOD  PROTECTION  WORKS  AT  EAST  ST. 

LOUIS. 

BY  JAMES  F.  PARR.   (MEMBER.) 

East  St  Louis  and  the  neighboring  towns  of  Brooklyn,  Venice^ 
Madison  and  Granite  City  (on  the  north),  comprising  a  population 
of  some  50,000  or  60,000,  are  situated  on  the  east  side  of  the  Missis- 
sippi River  in  the  "American  Bottoms/'  opposite  to  the  city  of  St 
Louis,  Mo.  The  Mississippi,  with  its  great  tributary,  the  Missouri^ 
rising  in  the  Rocky  Mountains,  and  its  smaller  tributaricB,  the  Illi- 
nois, Des  Moines,  Kansas  or  Kaw  Rivers,  carry  past  the  city  an 
immense  volume  of  water  every  year.  The  snows  of  the  Bockies  begin 
to  molt  in  April  and  by  June  are  beginning  to  flow  by  and  give  what 
is  locally  known  as  the  June  rise.  This  rise  itself  gives  a  fair  stage 
of  water,  but  does  not  endanger  the  American  Bottoms.  Should 
there  be  excessive  rains  in  the  head  waters  of  these  streams  to  add 
themselves  to  the  June  rise  trouble  may  be  looked  for. 

Beginning  on  May  20,  1903,  and  lasting  for  a  period  of  10  days,  a 
series  of  storms  passed  over  Kansas,  Nebraska,  Iowa,  Minnesota,  Wis- 
consin and  northern  Missouri  and  Illinois,  flooding  this  territory  and 
overflowing  the  banks  of  the  creeks  and  rivers.  The  rainfall  in  a 
short  time  was,  at  Sioux  City,  2.7  ins. ;  at  Des  Moines  2.18  ins. ;  at 
Davenport,  LOG  ins. :  at  Concordia,  1.74  ins. ;  at  Peoria,  1.12  ins.  This 
rain  foil  at  such  a  time  that  by  the  time  it  reached  the  Missouri  River 
it  joined  with  the  June  rise  and  passed  on  down  toward  the  Mississippi 
in  time  to  there  join  ihc  high  waters  coming  from  the  north  and  all 
went  by  in  a  mighty  riisli  for  the  Gulf  of  Mexico,  causing  destruction 
to  life  and  property. 

Fortunately  for  the  people  living  south  of  us,  the  Ohio  was  at  a 
low  stage  and  tliis  was  also  a  fortunate  thing  for  us,  as  tliere  was  no 
flooded  river  below  to  retard  the  waters  liere,  as  certainlv  would  have 
been  the  case  had  the  Ohio  been  full  at  the  time.  All  along  the  river, 
levees  that  were  considered  protection  failed.  Railway  embankments 
were  like  playthings  to  the  waters.  All  through  the  American  Bot- 
toms are  levees  and  cros^  levees  and  railway  embankments  built  to  hold 
these  waters. 

At  East  St.  Louis,  the  B.  &  O.  R.  R.  enters  on  the  north,  coming 
in  from  the  bluffs  some  6  or  7  miles  east.  It  built  its  embankments 
above  the  highest  water  known,  that  of  1844.  South  of  us,  the  farmers 
had  built  a  levee  and  in  course  of  time  the  Conlogue  Ry.  took  pos- 
session of  this  levee  and  i«5  keeping  it  up  for  the  use  of  it.  Ecist  St. 
Louis  is  divided  by  Cahokia  Creek,  and  nearly  the  whole  part  weet  of 
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vidnity.  The  firet  high  water,  of  which  we  have  only  a  small  idea, 
was  in  1785,  and  called  by  the  Indiana  "Big  Waters."  Ita  eJevations 
are  said  to  have  been  marked  by  the  Indian;,  who  cut  notches  in  the 
tree  with  their  tomahawks,  but  I  have  never  seen  such  a  mark.  From 
the  Indiana  thie  is  the  highest  water  known.  There  was  a.  high  water 
in  18S3,  but  as  far  as  I  know  there  is  no  record  of  ite  ata-je.  In  1SS6 
was  a  year  of  high  water,  when  the  stage  reached  36,4  ft.  We  have 
DO  records  of  high  water  from  then  until  1S44. 


In  the  winter  of  1S43  and  1844,  according  to  reports,  there  was  a 
very  heavy  snowfall  on  the  watershed  of  the  whole  of  the  upper  Mis- 
sissippi valley.  This  melting  snow  began  to  swell  the  rivere  in  April 
and  by  May  it  bad  covered  the  whole  of  the  .\merican  Bottoms,  there 
being  no  leveee  then.  In  a  short  time  it  began  to  fall  and  at  the  same 
tame  heavy  rains  to  the  north  began.  By  the  time  the  river  was  within 
its  banks  these  rains  began  to  pass  by  and  on  May  30  another  stage 
higher  than  the  first  swept  by.  The  river  had  just  begun  to  faJI  when 
another  rain  storm  passed  over  the  north,  and  on  Time  23  it  hid 
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Creek  was  therefore  abandoned,  and  preparations  were  begun  to  form 
a  levee  along  Cahokia  Creek  by  means  of  sacks  filled  with,  sand^  gravel 
and  clay  placed  along  the  points  of  danger.  These  sacks  were  laid  at 
right  angles  to  the  water  and  the  clay  was  thrown  on  the  water  side 
to  prevent  seepage.  Then  a?  the  water  rose  a  second  row  of  sacks  was 
placed  inside  of  these,  some  two  or  three  feet  of  space  being  left  be- 
tween the  two  rows.  This  space  was  then  filled  with  clay  and  then  a 
second  layer  of  sacks  was  placed  on  the  first  row,  and  then  more  day 
filled  in.  In  the  meantime  the  levee  was  kept  above  the  rising  water. 
Where  possible  the  sand  wajs  used  to  fill  sacks  and  clay  reserved  for 
intermediate  filling.  This  levee  was  built  on  top  of  some  of  the  yard 
tracks  running  parallel  to  the  creek,  and  so  close  that  dirt  was  plowed 
from  the  trains  by  means  of  a  steam  plow  upon  and  over  the  sacks 
laid.  This  saved  handling  the  material  a  second  time.  The  train  of 
sand  stood'  on  a  track  near  the  emergenc}-  levee  and  was  kept  full  of 
men  filling  sacks,  which  were  carried  to  the  place  needed.  Nearly  all 
of  the  yards  were  emptied  along  the  temporary  levee,  so  that  they  could 
be  used  for  storing  trains  of  sand,  clay,  etc..  for  raising  the  levee. 

It  was  fortunate  that  the  World's  Fair  was  building,  as  the  steam 
shovels  used  for  leveling  tlie  hills  there  were  kept  busy  loading  dirt 
trains  for  the  protection  of  East  St.  liOuis,  until  the  water  got  so  high 
that  trains  could  not  be  brought  over  by  the  Terminal  Ry.  They  ran 
trains  in  from  3  ft.  to  4  ft.  of  water  and  men  had  to  use  their  feet  to 
find  the  switch  lever  to  thrown  it.  One  train  of  dirt  was  wrecked  on 
tracks  4  ft.  under  water,  within  100  ft.  of  the  point  where  needed, 
because  of  the  inability  to  properly  thrown  the  switch  or  to  see  that  it 
was  clear  after  being  thrown.  The  Illinois  Central  By.  ran  trains  to 
the  blufl's,  where  men  were  kept  busy  loading  dirt,  which  was  used  on 
the  south  end  of  the  levee.  The  L.  &  N.  Ry.,  whose  yards  were  on 
the  inside  of  and  adjoining  the  levee,  kept  trains  busy  loading  dirt  and 
hauling  from  the  bluffs.  The  roads  entering  from  the  north  lent 
assistance  until  they  were  cut  off  by  the  water.  The  St.  Louis^  Belle- 
ville &  Suburban  Electric  street  railwav  lent  valuable  assistance  after 
other  roadfi  were  cut  off,  as  well  as  before.  After  some  of  the  roads 
were  cut  off  from  the  bluffs,  dirt  was  taken  from  tlie  inside  of  the  city 
limits  and  on  private  property.  Ap>  fast  as  sacks  were  laid  the  earth 
was  tramped  by  the  continual  passage  of  men  carrying  sacks  forward 
to  other  places.  In  some  places  extra  caution  was  necessary;  sacks 
were  laid  at  the  foot  of  the  railway  embankments  and  carried  up  to 
the  slope  and  tlien  up  with  the  rise  of  the  water.  This  was  found 
necessary  because  of  the  cinder  filling  used  in  the  original  raising  of 
the  side  and  main  tracks.  More  caution  was  used  at  night  than  in 
the  daytime  from  the  fact  that  the  torches  carried  showed  the  seeping 
of  the  water  plainer,  and  I  believe  to  some  extent  exaggerated  the  size 
of  the  seepaga    I  often  noticed  that  where  seep-^ge  was  watched  it  did 
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whole  "American  Bottom,"  includiDg  farmers  as  well  as  towns  and 
cities.  This  proposition  will  necessitate  flood  gates  at  the  outlet  of  all 
creeks,  with  pumping  plants  to  be  userl  in  times  of  high  water.  On 
the  whole  I  am  inclined  to  think  this  the  best  plan.  A  plan  was  sug- 
gested previous  to  this  flood,  and  has  been  .-suggested  again,  to  change 
Cahokia  Creek  above  the  city  and  turn  it  into  the  river  above  and  use 
the  dirt  excavated  therefrom  to  make  a  levee  on  the  south  side  of  tbe 
creek.  From  where  the  creek  is  to  be  chnuired  there  cpc»ss  two  belt 
line  railways,  running  parallel  and  100  ft.  apart  from  the  creek  to 
the  B.  &  0.  Ily.  These  are  to  be  raised  high  above  the  water  and  the 
space  betwen  them  to  be  filled  in.  If  this  is  done  it  will  give  along 
the  belt  tracks  a  levee  about  100  ft.  wide  on  top.  From  their  inter- 
section with  the  B.  &  0.  Uy.  to  the  bluffs  this  railway  is  high  enough, 
but  it  is  suggested  that  it  be  strengthenovl.  The  Vandal ia  Ry.  runs 
along  the  north  side  of  and  paralleled  to  the  B.  &  O.  Tiy..  and  in  the 
present  high  water  it  was  under  water.  It  has  been  suggested  that  the 
Vandalia  be  raised  above  high  water  and  that  the  space  between  it  and 
the  B.  &  0.  be  filled  in;  if  this  is  done  it  would  give  a  solid  levee  on 
the  north  of  100  ft.  wide  from  the  river  to  the  bluffs.  It  would  neces- 
sitate a  levee  being  raised  several  feet  above  any  previous  high  water, 
as  such  a  levee  running  almost  at  right  angles  to  the  river  would  form 
a  dam,  with  the  river  as  the  only  outlet.  From  where  the  proposed 
change  of  the  creek  empties  into  the  river  it  is  int-ended  to  raise 
Front  St.  (which  runs  parallel  to  and  on  the  river  bank),  and  the  rail- 
ways that  occupy  the  river  front  between  Front  St.  and  the  river,  to  a 
height  above  any  possible  overflow.  Thij?  front  levee  to  be  carried 
south  to  the  extreme  .-southern  part  of  the  city,  where  the  Southern 
yards  are  and  then  to  follow  this  track  to  where  it  crosses  the  Illinois 
Central  Ry.,  and  then  to  follow  this  road  to  the  bluffs  on  the  south. 
A  part  of  this  proposed  levee  on  the  river  front  is  in  workirg  condition 
now,  but  does  not  extend  f-aj-  enough  north  or  south.  The  southern 
embankment  on  the  south  is  partly  high  enough,  as  is  part  of  the  Illi- 
nois Central  Ry.  The  latter,  on  the  south,  has  two  tracks  running 
parallel  and  100  ft.  apart,  which  now  form  a  good  levee.  It  is  sug- 
gested that  these  be  raised  and  the  space  between  them  filled  in.  If 
these  suggestions  were  carried  out  it  would  give  East  St.  I.K>uis  an 
independent  levee  system. 

Another  proposition  is  to  make  a  new  channel  for  Cahokia  Creek 
from  where  it  leaves  the  bluffs,  and  to  follow  the  Ijluffs  far  enough 
south  so  that  no  back-water  would  rise  high  enough  to  overflow  the 
land.  The  earth  excavated  from  this  channel  is  to  be  thro^Ti  on  the 
aide  opposite  the  bluffs  to  form  a  levee,  and  flood  gates  to  be  placed  in 
this  levee  to  prevent  inflow  from  any  hack-water.  This  proposition 
would  do  away  with  the  creek  through  or  above  Ea^^t  St.  Louis  and 
would  turn  anv  overflow  of  the  river  esst  of  us. 
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in  good  order  before  being  occupied  again  and  there  wrb  no  stagnant 
water  left  to  breed  any  kind  of  disea^. 


DISCUSSION. 

Pbof.  Talbot  :  I  had  an  opportunity  to  inspect  the  flooded  dis- 
trict last  summer,  and  no  one  can  appreciate  the  conditions  th^re  un- 
less he  has  seen  the  flood  or  its  effects.  As  to  the  description  of  the 
mrork  done  on  the  temporary  levee,  one  can  hardly  believe  that  men 
could  accomplish  what  was  accomplished  there  in  so  short  a  time.  So 
far  as  the  measures  taken  to  prevent  tlie  recurrence  of  such  floods  are 
ooncemed;  it  seems  to  me  that  East  St.  J^uis  and  the  State  of  Illinois 
are  interested  in  having  something  done  which  will  be  a  permanent 
protection  and  make  the  situation  such  q»  it  should  be  for  so  promis- 
ing a  district  St.  Louis  is  a  great  city,  a  good  business  point.  East 
St.  Louis  has  the  best  location  for  mnnufacturing  and  for  railway 
business  of  any  point  about  St.  Louis.  This  flat  territory  and  cheap 
land  on  the  east  gives  opportunity  for  future  growth.  The  railways 
center  there,  and  coal  is  plentiful.  With  St.  Louis  as  a  commercial 
center  there  is  no  reason  why  Illinois  should  not  profit  by  the  exten- 
sion of  business  enterprises  and  increased  population  on  the  east  side 
of  the  river  to  the  number  of  300,000  to  /)00,000  people  in  the  next 
few  years,  provided  proper  steps  are  taken  to  protect  this  territory 
from  floods. 

The  State  of  Illinois  ought  to  be  liberal  in  its  legislation,  and 
ought  to  make  a  careful  study  of  the  situation  to  determine  what  steps 
should  be  taken  to  make  laws  which  will  permit  of  carrying  out  the 
needed  improvements.  The  formation  of  a  levee  district  imder  local 
assessment  methods,  or  on  some  such  basis  as  the  Sanitary  District  of 
Chicago,  may  be  the  best  plan.  Of  course,  the  levee  laws  of  the  State 
have  been  made  for  agricultural  purposes,  and,  in  order  to  prevent 
money  being  wasted,  the  law  permits  only  a  certain  small  amount  to 
be  used  for  maintenance  and  a  limited  amount  for  construction.  The 
assessment  law  is  based  upon  valuation  of  farm  land,  and  not  upon 
benefits  to  city  property  or  to  railways.  For  these  and  other  reascms 
the  present  laws  are  not  applicable  to  the  situation. 

I  have  heard  of  the  propoeal  to  construct  a  ditch  directly  to  the 
river.  The  objection  of  the  commissioners  of  the  levee  district  imme- 
diately north  of  East  St.  Louis,  including  Venice  and  Madison,  to 
this  plan,  is  that  it  would  make  the  situation  in  their  territory  very 
much  worse  than  at  present,  since  the  back-water  coming  up  the  creek 
would  oome  from  a  point  in  the  Mississippi  some  distance  north  of  the 
present  mouth  of  Gahokia  Creek,  and  therefore,  by  rcascm  of  the  large 
drop  in  level  which  has  been  mentioned,  due  to  the  river  being  nar- 
rowed down  at  the  Eads  bridge  and  immediately  above  it^  the  level 
of  tiie  back-water  would  be  raised  several  feet,  overcoming  any  levees 
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which  they  have  at  present,  or  which  they  might  expect  to  make  in  the 
future.  Either  of  the  other  plans  proposed  and  shown  on  the  map, 
making  a  levee  from  Alton  down  to  protect  the  whole  territory,  or  the 
canal,  may  be  feasible.  A  plan  should  be  selected  which  would  favor 
the  growth  of  East  St.  Louis  to  a  large  industrial  city.  The  interests 
of  East  St.  Louis  and  its  vicinity,,  and  of  St.  Louis,  would  be  con- 
served in  making  a  great  elfort  to  secure  the  permanent  improvement 
of  this  whole  territory,  and  not  something  temporary  and  for  a  small 
portion  of  the  territory,  and  for  only  small  floods. 

Me.  Parr:  There  are  three  or  four  levee  districts  in  this  bottom 
and  they  are  each  under  a  separate  organization.  The  intention  is 
first,  to  dissolve  these  and  then  reorganize  one  large  district.  It  has 
been  reported  that  several  persons  were  drowned  during  the  flood.  At 
East  St.  Louis  there  were  seventeen  drowned.  Ten  or  eleven,  I  think,, 
resulted  from  carelessness.  There  were  only  four  or  five  drowned  on 
account  of  the  flood  directly. 
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THE  WORK  OF  THE  UNITED  STATES  GKEOLOGICAL  SUBr 

VEY  IN  THE  STATE  OF  ILLINOIS. 

BT  MARSHATJi  0.  LEIGHTON.      (U.  8.  GBOLOGIOAL  SURYET.) 

The  field  work  of  the  XJ.  S.  Geological  Survey  is  in  charge  of 
three  divisions,  the  topographic,  geologic  and  hydrographic.  The 
character  of  the  work  performed  under  these  heads  is  well  defined  by 
the  terms  above  given. 

In  1 901,  and  again  in  1903,  the  topographic  work  was  thoronghly 
presented  to  the  Society  by  Mr.  William  H.  Herron,  and  some  action 
was  taken  which  it  was  hoped  would  result  in  procuring  l^islative 
authority  for  the  proeecution  of  a  co-openitive  plan  between  the  TJ.  S. 
Geological  Survey  and  the  State  of  Illinois.  The  project  failed  by 
reason  of  several  cause*.  The  matter  was  agitated  by  the  authoritieB 
of  the  Survey  after  the  same  manner  that  has  been  followed  in  the  case 
of  other  States  in  which  the  issue  has  terminated  successfully.  No 
more  can  be  done  by  the  Survey  and  it  now  remains  for  the  institu- 
tions, associations  and  individuals  of  Illinois  who  are  interested  and 
who  wish  to  see  construction  of  a  topographic  map,  to  push  tlie  matter 
in  such  a  way  that  success  may  be  assured. 

Geologic  Investigations. — The  work  of  the  Survey  along  these 
lines  during  the  year  past  has  been  under  the  immediate  charge  of 
Mr.  H.  Foster  Bain.  In  1903  the  Geological  Survey  had  field  paitie£> 
in  both  northwestern  and  southern  Illinois.  The  work  was  of  a  pn»- 
liminary  character  and  was  directed  to  the  study  of  the  lead,  zinc  and 
fluorspar  deposits  of  the  State.  The  particular  object  in  view  was 
the  discovery  of  the  distribution,  mode  of  occurrence,  economic  im- 
portance and  genesis  of  the  deposits.  In  neither  case  were  topographic 
maps  available,  so  it  was  necessary  for  the  field  parties  to  make  their 
own  base.  This  was  done  with  a  plane-table,  distances  being  obtained 
by  pacing. 

In  southern  Illinois,  some  42  square  miles  in  Pope  and  Hardin 
counties  were  mapped  by  this  method  on  a  scale  of  4  ins.  to  the  mile, 
the  roads,  streams  and  geological  boundaries  being  traversed  and 
plotted  on  the  ground.  The  area  mapped  was  so  distributed  as  to 
include  the  more  important  mining  districts,  and  also,  by  the  aid  of 
barometer  readings,  to  furnish  data  for  a  north-south  geological  sec- 
tion from  the  Ohio  River  to  Karber's  Ridge.  The  formations  (various 
rocks  of  the  St.  Tjouis,  Chester  and  Pennsylvania  class),  were  mapped, 
and  the  mines  located  and  studied.  An  interesting  result  of  the  work 
was  the  discovery  of  a  considerable  number  of  occurrences  of  igneous 
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according  to  some  established  datiini.  These  gages  are  read  twice 
daily  and  the  records  are  sent  to  the  division  headqiiartcra  at  Wash- 
ington each  week.  At  intervals  of  about  one  month  current  meter 
measurements  are  made  at  each  of  these  stations.  There  is  no  estab- 
lished time  for  such  measurements,  however,  and  when  unusual  condi- 
tions arise,  such  as  extremely  high  or  extremely  low  waters,  the  cur- 
rent meter  measurements  are  made  as  often  as  is  necessarv  to  secure 
the  data  made  available  by  such  unusual  conditions. 

The  object  of  conducting  the  work  in  the  manner  above  described 
is  to  procure  a  rating  table  for  the  channel  at  the  various  points  selected 
and  when  a  sufficient  number  of  measurements  have  been  made  to 
secure  the  foci  necessarv  for  the  fixation  of  a  flow  curve,  the  amount 
of  water  carried  by  the  streams  can  be  determined  by  reading  the  gage 
height  and  referring  it  to  the  rating  table. 

The  results  of  current  meter  measurements  are  published  annually 
in  the  water  supply  papers  issued  by  the  Geological  Survey,  and  in 
addition  to  this  they  are  available  at  all  times  to  engineers  and  other 
persons,  who,  for  one  purpose  or  another,  find  the  data  requisite  or 
desirable.  Among  the  advantages  which  arise  by  reason  of  the  intelli- 
gent use  of  these  data  are  the  following : 

1.  The  determination  of  the  amount  of  water  in  flowing  streams 
available  throughout  the  year  for  domestic  water  supply. 

2.  The  determination  of  the  amount  of  storage  capacity  neces- 
sary to  provide  a  constant  water  supply  from  conservation  systems  on 
drainage  areas  of  various  sizes. 

3.  The  determination  of  available  water  for  the  generation  of 
power  at  favorable  points.  This  largely  depends,  as  is  appreciated  by 
engineers,  on  the  minimum  flow  of  the  streams. 

4.  The  derivation  of  formulas  showing  the  relation  between  pre- 
cipitation and  run-off.  The  value  of  the?e  formulas  is  not  entirely 
confined  to  theoretical  oonsideiations.  It  hns  boon  found  valuable  in 
the  case  of  streams  subject  to  overflow,  where  in  the  event  of  a  certain 
amount  of  rainfall  on  the  drainage  area,  the  height  at  which  the  water 
will  rise  can' be  determined  at  a  sufficient  time  in  advance  to  enable 
those  who  have  crops  and  other  valuable  property  in  exposed  position? 
to  either  remove  them  or  to  provide  means  to  prevent  their  destruc- 
tion. 

There  are  other  uses  to  which  the  data  gathered  by  the  Hydro- 
fi^raphic  Division  mav  be  put,  but  the  general  values  are  expressed  in 
the  foregoing  paragraphs. 

The  following  named  stations  are  now  being  maintained  in  Illi- 
nois: 

A.  Des     Plaines    River:       (1)     Above    mouth     of     Kankakee. 
(2)  Above  mouth  of  Jackson^s  Creek. 

B.  Illinois  River :    (3)  Near  Minooka.     (4)  Near  Seneca.    (5)  At 
Ottawa.     (6)  At  La  Salle.     (7)  Near  Peoria. 
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Division  or  Hydbo-Economics. — Under  this  heading  have  been 
included  investigations  into  quality  of  water,  with  special  reference  to 
the  effect  of  this  upon  the  industrial  development,  and  the  value  of 
various  sources  of  supply  for  domestic  use  or  other  industrial  purposes. 
The  economic  value  of  water  and  its  fitness  for  use  in  the  various  lines 
of  special  water-supply  development  is  greater  than  has  generally  been 
believed.  Enormous  amounts  of  money  have  been  wasted  because  the 
adaptability  of  water  in  many  particular  lines  has  not  been  properly 
determined,  and  little  or  no  information  is  to  be  had  concerning  this 
matter  in  the  greater  part  of  the  TTnitcd  States.  It  frequently  hap- 
pens that  an  ample  supply  of  water  can  be  had  from  a  river,  lake  or 
well,  but  the  mineral  impurities  are  of  such  a  character  as  to  limit  or 
prevent  its  use,  necessitating  large  expenditure  to  procure  water  else- 
where, or,  in  some  cases,  the  failure  or  suspension  of  the  industry. 

Or,  again,  it  frequently  happens  that  a  source  of  supply  originally 
of  excellent  quality  has  become  contaminat^^d  by  sewage  or  other 
organic  matter  and  cannot  be  used  without  filtration  or  other  treat- 
ment, or  has  become  polluted  as  to  cause  vast  losses  through  sickness, 
death,  destruction  of  ice  crop  and  of  fisheries  and  depreciation  of  realty 
values.  Extended  discussions  of  this  subject  have  l>een  published  in 
Water-Supply  Papers  No.  72  and  No.  79.  In  short,  the  quantity  of 
water,  while  important,  must  be  joined  with  considerations  of  quality 
in  any  determination  of  the  water  supply  of  the  ox>untry  or  in  the 
preparation  of  reports  of  the  best  methods  of  utilizing  water  resources. 

The  planfi  that  have  been  made  and  followed  up  to  the  present 
include  the  collection  of  all  analytical  data,  and  the  arrangement  and 
classification  of  the  same  for  ready  reference  and  use.  These  analyses 
include  principally  tlie  inorganic  determinations  made  for  the  purpose 
of  showing  the  proportion  of  various  harmful  salts,  and  the  ordinary 
sanitary  analyses,  which  show  the  amoimt  of  organic  matter  and  its 
state  of  oxidation,  together  with  various  other  determinations,  such  as 
color,  turbiditv  and  hardness.  The  former  class  of  determinations  ar»j 
of  especial  importance  to  all  interests  involving  the  use  of  steam  boilers, 
such  as  railways  and  stationary  steam-power  plants,  and  to  manufac- 
turers who  are  obliged  to  use  care  in  the  selection  of  waters  which  will 
not  be  detrimental  to  manufactured  products  which  are  the  result  of 
finely  balanced  chemical  processes.  The  latter  series  of  analyses  find 
important  use  in  the  above-mentioned  departments  of  industry,  and,  in 
addition,  is  of  enormous  practical  benefit  to  municipalities  and  insti- 
tutions seeking  domestic  water  supplies. 

Of  exceedingly  practical  value  is  the  investigation  which  has  been 
begun  with  reference  to  the  effect  of  different  industrial  wastes  upon 
the  streams  of  the  coimtry.  It  was  found  that  the  damage  done  to 
riparian  rights  and  allied  water  values  by  certain  kinds  of  trade  refuse 
amounts  to  many  millions  of  dollars;  this,  too,  notwithstanding  the 
fact  that  in  the  majority  of  cases  such  destn:ction  is  needless  and 
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easily  prevented.  Of  singular  interest  is  the  fact  that  there  is  usually 
much  valuable  material  in  industrial  wastes  which  might  be  econom- 
icallv  recovered. 

The  hvdro-cconomic  work  in  the  State  of  Illinois  has  not  been 
prosecuted  vigorously  for  several  reasons,  the  mo?t  important  of  which 
is  that  an  unusual  amount  of  data  is  already  at  hand  aa  a  result  of 
the  excellent  work  of  Prof.  A.  W.  Palmer,  of  the  University  of  Illi- 
nois, and  the  investigations  of  the  St.  Louis  and  Chicago  authorities 
in  oonnection  with  the  litigation  along  the  Illinois  Biver.  It  is  the 
intention  to  take  up  the  work  when  this  litigation  is  closed  and  to 
complete  the  work  in  those  parts  of  the  State  not  represented  in  the 
above-mentioned  investigations. 
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DRAINAGE  AND  IRRIGATION  IN  THE  MIDDLE  WEST. 

BY  C.  G.  ELLIOTT:  ( MEMBER). 

While  tlie  drainage  of  agriciilhiral  lands  has  received  the  favor- 
able attention  of  the  people  of  the  middle  west  for  a  quarter  of  a 
centun-,  vet  nothiiis^  could  tend  more  to  the  general  benefit  of  the  art 
than  a  clear  understanding  of  the  experience  gained  in  that  time  and 
it«  application  in  carrying  out  future  operations.  As  a  well-recognized 
element  of  progressive  agriculture,  it  does  not  lack  historical  pre- 
cedence, for  Pliny,  a  writer  of  the  first  century,  announces  the  first 
principles  as  well  as  the  value  of  drainage  in  the  declaration,  "The 
cutting  of  ditches  and  the  drying  of  wet  fields  is  most  useful."  Dur- 
ing the  past  century  eminent  engineer!^,  hydraulicians,  and  statesmen 
have  thought  it  a  subject  well  worthy  of  their  best  efforts.  Govern- 
ments and  societies  of  national  note  have  used  their  best  offices  to 
promote  its  advancement. 

There  are  a  few  important  matters  essential  to  the  success  and 
extension  of  drainage  practice  which  should  not  be  overlooked.  Eadi 
agricultural  section  with  its  several  types  of  soil  and  the  crops  to 
which  they  are  adapted,  presents  a  new  phase  of  the  subject  for  experi- 
ment, new  problems  of  a  practical  nature  to  be  worked  out,  and, 
often  a  different  regime  to  be  followed  in  securing  the  best  results 
from  the  work,  though  the  underiying  principles  may  have  been  estab- 
lished a  century  previous.  Mr.  J.  Bailey  Denton,  the  accomplished 
English  engineer,  in  giving  a  retro:=peet  of  40  years'  experience  in 
drainage,  says: 

I  have  been  connected  with  drainage  sufficiently  long  to  be  a  witness  to 
the  complete  overthrow  of  several  opinions  which  have  prevailed  for  a  time, 
and  am  bound  to  acknowledge  that  every  day's  experience,  while  strengthening 
some  views  and  modifying  others,  has  proved  to  me  that  I  have  as  frequently 
been  wrong  as  the  rest  of  my  brethren,  and  that  after  all  the  intelligence  and 
outlay  that  has  been  brought  to  bear  on  the  subject,  there  is  yet  much  to 
learn  ere  it  can  be  said  that  we  are  perfect  in  the  art  of  drainage.  It  is  plain 
therefore,  that  we  ought  still  to  receive  and  respect  the  opinions  based  upon 
experience,  even  though  those  opinions  may  differ  from  our  own. 

Notwithstanding  what  has  been  done  in  "this  most  useful  art/* 
as  Pliny  calls  it,  each  agricultural  section  has  been  obliged  to  submit 
to  more  or  less  crude  work  by  way  of  experiment  in  order  to  ascertain 
methods  which  would  prove  the  most  efficient.  The  transfer  of  suc- 
ceesful  eastern  practice  to  the  middle  west  has  in  many  instances 
proved  disappointing.  The  differences  in  existing  couditions  have 
brought  to  light  unforeseen  difficulties  which  had  to  be  met.     Mr. 


66  Illinois  Society  of  Engineers  and  Surveyors. 

conduits,  grades,  and  specifications.  The  distribution  of  the  rainfall 
and  the  control  of  soil  water  in  such  a  way  that  v^etable  growth 
may  be  promoted,  will  do  much  toward  the  solution  of  the  flood  and 
drouth  difficulties  which  are  always  sure  at  certain  times  to  provoke 
sharp  discussion.  The  soil  is  the  storage  reservoir  of  the  middle  west. 
Every  effort  should  be  made  to  retain  all  the  water  possible  below 
the  plane  where  it  will  injure  plant  production.  This  must  be  done 
by  putting  the  surface  in  an  absorptive  condition  so  that  the  larger 
port  of  the  rainfall  may  pass  into  the  soil  and  there  be  distributed, 
and  the  excess  pass  off  through  the  lower  soil  to  channels  provided 
for  it 

The  changes  in  surface  conditions  which  have  been  brought  about 
by  the  settlement  and  improvement  of  the  country  and  the  changes 
which  are  made  each  decade  by  reason  of  good  husbandry  have  greatly 
affected  the  distribution  of  the  rainfall  in  all  portions  of  the  country. 
It  is  to  be  regretted  that  no  investigation  of  the  run-off  of  lands  has 
been  made  with  reference  to  the  effect  which  changes  in  the  surface 
by  cultivation  and  improved  drainage  conditions  have  made.  Close 
observers  tell  us  that  the  flood  height  of  streams  is  greater  than  for- 
merly, and  ascribe  it  to  the  increased  drainage  and  improvement  of 
land  which  have  been  made  within  the  watersheds  of  the  various 
streams  affected.  Material  changes  have  been  made  in  the  general 
management  of  the  country  incident  to  its  improvement,  which  un- 
doubtedly have  a  bearing  upon  the  discharge  of  streams  and  their  be- 
havior after  continuous  rainfall.  Some  of  these  changes  may  prop- 
erly be  noted  in  considering  this  subject:  The  long  grass  of  the 
prairies  has  all  been  cut  short  or  pastured  closely  so  that  the  water  is 
not  so  readily  retained,  and  many  shallow  channels  have  been  made  to 
remove  it  from  the  improved  surface.  Undulating  woodland  has 
been  denuded  of  its  undergrowth  and  pastured  until  the  surface  has 
become  so  smooth  that  it  offers  but  little  resistance  to  the  flow  of 
water  from  a  heavy  rainfall. 

These  changes  produce  flood  heights  of  quick  rise  and  short  dura- 
tion. Before  any  artificial  drainage  was  provided  for,  the  ponds, 
sloughs,  and  large  level  tracts  covered  with  verdure  retained  large 
volumes  of  water  before  any  could  flow  off  to  the  streams.  When  the 
earth  had  become  fully  saturated  and  every  surface  depression  was 
full  of  water,  a  heavy  rainfall  would  produce  a  flood  in  the  streams 
because  there  was  no  reservoir  capacity  left  and  all  precipitation, 
under  such  conditions,  was  discharged  at  once  into  the  streams.  This 
produced  higher  floods  of  longer  duration  than  any  experienced  under 
any  other  conditions,  as  many  of  us  who  have  been  brought  up  on 
the  prairies  will  bear  witness.  The  floods  experienced  in  Kansas,. 
Missouri,  and  Iowa  during  the  past  season  came  largely  from  lands 
which  had  undergone  the  flrst  stage  of  improvement,  while  those 
tracts  which  were  well  cultivated  and  had  free  underdrainage  were 
not  seriously  injured.     The  following  testimony  before  a  committee 
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With  reference  to  the  bearing  of  these  two  propofiitions  upon 
proposed  future  improvements,  and  the  necessity  for  the  exercise  of 
greater  foresight  in  the  consen-ation  and  final  disposition  of  drainage, 
it  may  be  said  that  so  far,  drainage  projects  have  been  prosecuted  as 
individual  interests  have  dictated.  Material  changes  have  been  made 
in  one  part  of  the  catchment  basin  of  a  stream  without  corresponding 
changes  being  made  elsewhere.  It  is  but  natural  that  complicatioiis 
should  arise  in  the  larger  streams  receiving  the  flow,  and  that  there 
should  be  sudden  fluctuation  and  consequent  overflows  until  the  lower 
channels  become  improved  in  a  manner  commensurate  with  the 
changes  at  the  liead  waters.  Our  rainfall  is  erratic  and  not  uniformly 
distributed,  requiring  both  reservoir  capacity  and  greater  drainage 
facilities  than  nature  provides. 

The  use  of  irrigation  as  an  accessor}-  of  drainage  in  the  middle 
west  is  commending  itself  to  the  attention  of  some  who  grow  crops  of 
high  value  which  are  peculiarly  sensitive  to  any  deficiency  of  moisture 
In  such  cases  the  use  of  an  artificial  water  supply  to  be  applied  at 
critical  times  has  proven  profitable.  Experiments  were  made  under 
the  direction  of  the  Irrigation  Investigations  of  the  Department  of 
Agriculture,  at  Madison,  Wis.,  in  1901.  In  summing  up  the  results 
of  this  experiment,  the  report  says : 

Supplement-nl  irri^tion  of  lieavy  soils  in  climates  like  Wisconsin  may 
increase  the  yield  of  hay  from  two-fold  to  three-fold;  the  yield  of  ear  com, 
25  to  35  bushels  per  acre;  jwtatoes,  80  to  100  bushels  per  acre.  The  profits  of 
irrigation  at  Madison  from  clay  loam  were  about  $20  per  acre  for  nay;  $11 
per  acre  for  corn,  and  $73  an  acre  for  potatoes.  The  cost  per  acre  for  irrigat- 
ing, that  is.  the  expanse  of  pumping,  not  including  interest  on  the  cost  of 
the  plant  or  deterioration  in  its  value,  was  $6.68  per  acre. 

Experiments  in  other  parts  of  tlie  country  indicate  that  as  a  sup- 
plemental improvement  irrigation  may  be  employed  in  many  instances 
with  vers-  great  profit.  It  is,  however,  one  of  those  improvements 
contingent  upcm  the  high  value  of  land  and  its  intensive  cultivation 
now  found  near  cities  or  wliore  market  facilities  are  good.  Market 
gardeners  and  fruit  culturists  find  that  where  water  can  be  obtained 
and  applied  within  reasonable.^  limits  of  expense,  irrigation  is  profit- 
able. As  soon  as  the  art  of  irrigation  in  humid  climates  becomes 
better  understood,  it  is  destined  to  play  a  large  part  in  the  manage- 
ment of  high  class  anrl  scientific  truck  farming. 

The  advancement  in  agriculture  made  possible  by  more  complete 
improvement  of  the  soil  ])y  drainage  has  been  marked  and  is  encour- 
aging to  ever}'  friend  of  this  most  ancient  and  abused  occupation. 
By  reason  of  improved  soil  conditions  many  products  which  were 
formerly  neglected  have  been  brought  to  greater  perfection.  Drain- 
age supplemented  by  irrigation  in  humid  climates  and  irrigation  sup- 
plemented by  drainage  in  the  arid  regions  represent  a  base  of  opera- 
iions  for  the  attainment  of  the  highest  results  in  agriculture.  To 
produce  these  ideal  conditions  in  the  various  types  of  soil  under  dif- 
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MEASUREMENT  OF  FLOW  IN  SEWERS. 

BY  ARTHUR  N.  TALBOT:   (MEMBER). 

The  determination  of  the  flow  of  sewage  through  a  sewerage  syff- 
tern  may  give  data  of  considerable  value  to  the  engineer  in  charge  of 
its  maintenance,  and  such  data  may  prove  to  be  of  service  to  the 
profession  at  large.  The  dearth  of  knowledge  on  the  carrying  ca- 
pacity of  sewers  and  on  the  run-off  through  sewers  is  largely  due  to 
the  diflBculties  which  seem  to  be  connected  with  the  gaging  of  sewers, 
though  the  fact  that  enginteers  generally  have  little  to  do  with  the 
aewerage  system  after  its  construction  is  a  large  factor. 

The  purpose  of  the  measurement  of  the  flow  through  a  conduit 
may  be  scientific  or  general.  The  measurement  of  the  flow  of  water 
to  be  uaed  as  a  contribution  to  the  science  of  hydraulics  requires  great 
care  in  arranging  apparatus  and  in  determining  conditions.  For  the 
general  purposes  of  the  engineer,  however,  approximate  methods  and 
even  rough  gagings  may  give  information  which  may  be  of  much 
value.  Data  on  run-off  from  rainfall  for  varying  areas  and  varying 
conditions  of  slope  and  character  of  surface,  amount  of  ground  water 
percolating  into  sewers,  data  for  use  in  determining  necessary  capacity 
of  purification  plants  to  be  built  in  the  future,  the  location  of  obstruc- 
tions or  irregularities  in  sewers,  and  other  information  of  value  may 
be  obtained  by  engineers  by  the  use  of  such  means.  It  is  proposed 
here  to  discuss  briefly  some  of  the  methods  which  may  be  applied 
without  great  expense  to  measurement  of  the  flow  in  sewers  and 
which  are  not  expected  to  give  scientific  accuracy  in  results.  There 
is  little  that  is  new  in  the  methods,  but  it  is  hoped  that  the  sugges- 
tions may  prompt  engineers  to  collect  and  record  data  on  sewer  flow. 

1.  Gradient  and  Depth. — When  a  sewer  is  built  in  such  a  way 
that  the  ordinary  formulas  for  flow  in  sewers  give  a  fairly  accurate 
measure  of  its  carrying  capacity,  advantage  may  be  taken  of  calcula- 
tions from  these  formulas.  From  the  known  gradient  and  size,  the 
discharge  of  the  sewer  flowing  full  may  be  calculated  by  Kutter's 
formula  or  other  method.  Knowing  the  depth  of  flow  in  the  sewer, 
calculate  the  proportional  depth  of  flow  and  multiply  the  discharging 
capacity  for  full  sewer  by  the  proportional  discharge  at  the  given 
depth  found  from  a  table  or  diagram.  A  diagram  giving  the  propor- 
tional flow  at  different  depths  may  be  found  in  text-books  on  sewerage. 

In  making  the  observations,  care  should  be  taken  that  the  depth 
is  measured  on  a  representative  stretch  of  sewer  and  that  changes  of 
section  like  those  which  may  occur  at  a  manhole  or  other  point  do 
not  interfere  with  the  regularity  of  the  flow.     It  must  also  be  remem- 
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method  does  not  give  the  natural  flow  of  the  sewer,  since  the  water 
does  not  flow  as  a  piston. 

3.  Color  Gaging. — A  method  which  has  given  very  satisfactory 
results  is  the  use  of  a  strong  coloring  matter  which  will  mix  witl>  the 
sewage  through  the  depth  of  the  sewer  and  not  become  segregated  .\t 
the  top  or  bottom  of  the  channel.  A  material  recommended  is 
fluorescein,  a  standard  chemical  which  when  dissolved  in  a  small 
amount  of  ammonia  and  mixed  into  a  quantitv  of  water  gives  an  in- 
tensely strong  green  color  which  may  readily  be  detected  in  the  sewer 
even  when  diluted  by  spreading  out  over  a  considerable  length  of 
sew^r.  To  get  the  same  temperature  and  specific  oravity  it  is  best  to 
use  ewage  as  the  liquid.  A  bucketful  of  this  mixture  may  be  sud- 
denly inserted  in  the  sewage  flow  at  a  manhole  and  the  time  taken  to 
reach  another  point  in  the  sewer  observed.  A  tinge  of  color  will 
advance  in  front  of  the  body  of  color  ajid  a  further  tinge  will  lag 
behind,  but  the  bulk  of  color  will  for  a  sufficient  length  of  sewer  re- 
main compact  enough  to  enable  the  average  time  of  flow  to  be  deter- 
mined quite  closely.  Ordinary  dyes  and  most  other  coloring  matter 
do  not  work  satisfactorily,  but  fluorescein  mixes  well,  is  readily  dis- 
tinguished in  sewage,  and  is  not  very  expensive.  The  amount  of 
chemical  resting  on  a  knife  blade  will  strongly  color  a  bucketful  of 
water.  Of  course,  it  may  be  desirable  to  use  mirrors  and  throw  sun- 
light into  the  sewage.  For  flow  in  pipe  sewers  and  at  partial  depth 
in  small  brick  sewers  the  color  gaging  is  to  be  recommended.  The 
velocity  found  may  be  considered  the  average  velocity,  and  the  di^a- 
charge  is  calculate  by  multiplying  this  velocity  by  the  area  of  water 
cross-section  measured  as  in  other  cases. 

4.  Weir  Gaging. — Weir  gaging  usually  implies  the  construction 
and  use  of  somewhat  elaborate  weir  chambers,  but  a  weir  may  be 
placed  in  a  sewer  so  as  to  give  fairly  accurate  measurements  at  par- 
til  flow  of  sewer  without  much  expense.  For  pipe  sewers  the  weir  de- 
vice may  be  inserted  in  the  sewer  just  above  a  manhole.  For  larger 
sewers  the  device  may  bo  placed  at  any  convenient  point.  Either  the 
contracted  weir  or  the  suppressed  weir  may  be  used.  The  former  is 
advantageous  for  small  flows;  the  latter  for  graging  larger  quantities. 

For  small  sewers  it  may  be  made  of  a  plate  of  galvanized  iron 
about  a  half  circle  or  disk  in  form,  somewhat  smaller  than  the  sewer 
section,  and  having  the  circular  edge  cut  and  turned  back,  forming 

a  hinge  to  aid  in  holding  the  gasket  of  cloth 
or  other  material  used  to  secure  a  tight  joint 
against  the  sewer  wall.  This  may  readily 
be  braced  in  place.  In  this  semi-circulardam 
is  cut  a  rectangular  notch  for  a  contracted 
weir.  Tlie  crest  of  the  weir  should  be 
straight  and  sharp.  The  measurement  of 
the  head  may  be  made  with  an  ordinary 
rule,  if  great  accuracy  is  not  desired.     For 
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obstruction  in  the  sewer  like  tree  roots  or  local  deposits.  Gagings 
will  show  a  smaller  flow  through  the  sewer  for  the  observed  deptii 
when  the  section  is  decreased  by  fungus  growth  or  deposits  of  sedi- 
ment. Measurements  may  determine  whether  an  excess  of  flow  in 
sanitary  sewers  over  the  amount  known  to  come  from  buildings  is  a 
general  infiltration  of  ground  water  through  the  joints  along  the 
whole  line  of  sewers  or  whether  it  is  concentrated  on  a  stretch  be- 
tween two  manholes.  In  selecting  the  method  of  measurement  to  be 
used  for  one  of  these  purposes  care  must  be  taken  to  avoid  a  method 
whose  inaccuracies  and  uncertainties  for  the  conditions  likely  to  be 
found  may  give  erroneous  results  and  throw  doubt  on  the  investiga- 
tion. 

Hydraulics  still  contains  many  fields  requiring  investigation,  and 
the  hydraulics  of  sewers  invites  the  inquiring  engineer  to  determine 
flows  and  give  definite  data  on  storm-water  run-oS  and  other  sewage 
flow.     Will  not  the  members  of  this  Society  aid  in  doing  this? 

DISCUSSION. 

C.  B.  Burdick:  There  is  another  possible  method  that  has  oc- 
curred to  me  of  measuring  the  volume  of  flow  in  sewers,  and  that  is 
by  the  use  of  the  Pitot  tube.  There  was  a  paper  read  some  two  years 
ago  before  the  American  Society  of  Civil  Engineers  on  the  flow  of 
water  in  cast  iron  pipes.  In  the  tests  described,  observationA  were 
made  by  the  use  of  the  Pitot  tube,  and  that  paper  was  pretty  generally 
discussed.  There  were  a  number  of  engineers,  including  Mr.  Edward 
S.  Cole,  of  Chicago,  who  had  made  extended  investigations  of  pipes 
by  means  of  this  tube.  I  have  used  a  small  Pitot  tube,  that  registers 
simply  the  velocity  of  the  flow,  in  gaging  the  flow  through  flumes 
supplying  water  wheels.  It  has  occurred  to  me  such  a  tube  might  be 
used  in  the  measurement  of  flow  in  sewers. 
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drains,  each  about  seven  miles  in  length,  and  costing  over  $2,000  per 
mile.  The  great  advance  in  the  price  of  land  has  made  this  work  not 
only  possible,  but  very  profitable,  and  districts  are  springing  up  all 
over  the  state,  but,  as  most  of  them  are  formed  under  the  Township 
Drainage  Act,  and  the  only  record  of  them  is  with  the  town  clerk,  it 
is  very  difficult  to  get  much  definite  information. 

In  the  drainage  report  of  1900,  allusion  was  made  to  the  cr)'ing 
need  of  a  better  outlet  to  the  Vermillion  special  drainage  district 
This  has  finally  materialized,  and  recently  the  contract  was  let  to  dig 
a  ditch  12i  miles  long  and  70  ft.  wide  on  the  bottom.  It  requires 
the  excavation  of  over  800,000  cubic  yards  of  earth  at  aji  estimated 
cost  of  about  $100,000.  This  is  to  carry  the  run-off  of  about  170  sq. 
miles  of  some  of  the  richest  land  in  Illinois.  The  committee  has 
been  unable  to  ascertain  the  amount  of  money  expended  in  this  class 
of  work,  but  feels  safe  in  saying  it  is  considerably  above  the  average 
of  the  last  six  years. 

An  attempt  was  made  to  get  a  statement  of  the  cost  of  mainte- 
nance of  the  Meredosia  pumping  station,  also  as  to  the  degree  of  satis- 
faction it  was  giving,  but  we  got  no  answer  to  our  inquiries.  Work 
in  the  great  Kankakee  marsh  is  all  the  while  being  done,  but  its  entire 
reclamation  is,  it  is  feared,  a  thing  of  the  quite  distant  future.  This 
marsh  has  an  average  width  of  9  miles  and  extends  from  Momence, 
111.,  to  South  Bend,  Ind.  Much  of  the  way  the  river  runs  on  a  slight 
plateau  which  is  from  1  to  3  ft.  above  the  marsh.  Whenever  the  river 
is  high  enough  to  overflow,  the  water  runs  out  to  what  the  old  settlers 
call  the  "Shore  Line,"  which  is  often  6  or  8  miles  away.  The  slope 
of  the  marsh  is  about  15  in.  to  the  mile.  Across  the  marsh  the  slope 
is  very  slight,  and,  on  the  north  side  of  the  river,  away  from  the  river 
and  to  the  shore  line.  The  drainage  of  this  tract  is  a  difficult  prob- 
lem, and  engineers,  as  well  as  the  landowners,  differ  greatly  as  to  the 
best  methods  of  doing  it.  The  methods  most  generally  advocated 
are:  First,  to  widen,  deepen  and  straighten  the  river;  second,  to 
levee  the  river  and  make  large  drains  parallel  with  the  river  and  car- 
ried down  until  some  unusual  formation  of  land  permits  them  to 
empty  in  the  river;  third,  to  levee  the  river  and  erect  pumping  sta- 
tions. Much  land  has  been  partially  reclaimed,  and  it  is  hoped  that 
the  proprietors  will  demonstrate  which  is  the  best  method,  and  by 
all  working  under  one  system  obtain  better  results.  A  single  system, 
though  it  may  not  be  the  best,  is  better  than  a  multiplicity  of  sys- 
tems; some  of  which  must  necessarily  be  poorer  than  others,  and 
when  a  failure  of  a  part  means,  pretty  nearly,  a  failure  of  the  whole. 
More  than  $500,000  has  already  been  expended  in  digging  large 
ditches,  and  yet  the  magnitude  of  the  marsh  makes  the  work  appear 
as  but  the  bare  commencement  of  its  reclamation. 

The  greatly  enhanced  value  of  farm  lands  and  the  consequent 
increased  price  of  rent,  is  stimulating  a  higher  cultivation  and  a 
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THE  SURVEY  OF  THE  CACHE  RIVER 
BY  A.  H.  bell:  (member). 

A  recent  bill  passed  by  the  Legislature  of  the  State  of  Illinois, 
ippropriating  $10,000,  provided  for  a  survey  of  the  Cache  River  to 
ascertain  the  practicability  of  straightening  and  deepening  the  channel 
of  the  river  for  the  purpose  of  prevening  overflow  of  the  bottom  lands 
and  for  the  drainage  of  these  lands.  The  Governor  appointed  three 
Commissioners  to  carry  out  the  purpose  of  the  bill.  W.  A.  Wall  of 
Mound  City;  H.  Kopher,  of  Marion;  and  A.  Davisson,  of  Metropolis; 
these  constitute  the  Cache  River  Drainage  Commission. 

They  proceeded  at  once  to  select  a  corps  of  engineers  to  complete 
the  survey :  1  chief  engineer  (the  writer),  2  assistant  engineers,  2  chain 
carriers,  2  axe  men,  1  teamster  and  1  cook  constituted  the  party  which 
on  Sept.  28, 1903,  pitched  camp  on  the  banks  of  the  Cache  River  about 
two  miles  above  its  mouth  at  the  Ohio  River,  between  Cairo  and 
Mound  City.  Tlie  work  is  practically  completed  so  far  as  the  actual 
survey  of  the  channel  is  concerned.  Some  additional  work  will  prob- 
ably be  done  later  on  concerning  the  watershed  and  tributaries. 

The  survey  was  made  up  stream  for  the  purpose  of  getting  out  of 
reach  of  back-water  from  the  Ohio  River  as  soon  as  possible.  At  the 
time  the  work  was  commenced  it  wa?  not  thought  possible  to  complete 
it  during  the  fall  and  winter,  but  the  season  proved  an  exceptionally 
favorable  one  and  the  work  lias  proceeded  with  but  slight  interruption. 
We  have  gone  dry  shod  over  many  p«)rtions  of  the  Cache  River  bot>- 
tom,  which,  ordinarily,  are  covered  with  water  the  year  around. 

Commencing  at  the  mouth  of  the  Cache  where  it  empties  into  the 
Ohio — ^with  Station  "0'^ — a  deflection  line  was  run  by  the  transit  man 
setting  station  stakes  at  all  curves  of  any  importance  on  the  channel 
and  taking  the  deflection  angles  to  the  right  or  left  as  the  case  may 
be.  To  avoid  any  errors  in  angles,  readings  were  taken  from  both 
verniers  and  recorded  in  separate  columns,  the  magnetic  bearings  of 
all  lines  being  also  recorded.  The  transit  man  was  followed  by  the 
chainmen  and  leveler,  who  noted  the  surface  levels  at  all  stations,  and 
also  levels  and  cross  sections  of  the  present  channel.  There  were 
also  taken  upon  several  occasions  cross  section  surveys  of  the  entire 
bottom  land  adjacent  to  the  river,  to  give  some  idea  of  its  general 
contour  and  topography.  These  cross  section  lines  were  run  as 
nearly  as  practical  at  right  angles  to  the  general  trend  of  the  channel, 
and  extended  from  bluff  to  bluff  on  either  side.  Levels  were  taken 
every  100  ft.  The  magnetic  bearing  of  the  lines  was  noted,  also  their 
crossing  of  the  general  deflection  line  or  channel  survey.    The  stakes 
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followed  later  on  in  the  season  by  floods  from  the  Cache  River  which 
render  it  useless.  The  cost  should  not  exceed  that  of  other  similar 
enterprises  in  the  northern  portion  of  the  State.  The  bottom  land 
ranges  anywhere  from  i  mile  to  3  miles  wide.  The  channel  of  the 
Cache  is  decidedly  crooked  in  places^  while  portions  of  it  (notably  the 
lower  Cache)  would  only  need  deepening.  The  upper  Cache  channel 
through  the  counties  of  Johnson  and  Union  would  have  to  be  ignored 
almost  entirely  and  a  new  and  straighter  channel  constructed.  Some 
idea  of  the  nature  of  the  channel  and  our  survey  may  be  formed  from 
the  aooompanying  map  of  a  section  of  the  work  through  Section  20 
and  the  N.  i  of  Sec.  29  in  Johnson  county.  The  distance  by  way  of 
meanderings  of  the  channel  is  5.44  miles ;  the  proposed  ditch  line 
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crossing  the  same  territory  would  be  2.11  miles,  thus  shortening  the 
distance  3^  miles.  The  entire  bottom  land  adjacent  to  the  &tche 
Biver  is  of  good  quality  of  soil,  the  best  by  far  in  that  section  of  the 
state.  Much  of  it  is  covered  with  timber  and  the  lumber  industry 
predominates  along  its  course. 
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depaitment  to  have  an  elevation  of  a  benc^  mai^  from  one  to  ogU 
indies  differeot  from  that  of  anoth^  departm^Lt,  and  eadi  makins  Hi 
improvementa  from  the  elevaticm  of  the  bendi  mark  as  detenmnm  bf 
its  reepectiTe  department;  for  inetancfl  the  eeverage  department 
would  lay  sewers  from  its  datttm  and  the  street  deputment  wonU 
cnrb  aad  pave  the  same  street  fiom  its  own,  a  different  datom. 


The  same  department  would  oft«n  conflict  with  itself.  It  waa  not 
an  unusual  sight  to  see  curbing  at  street  inter8ecti<mB,  where  one  street 
was  paved  later  than  the  intersecting  one,  differing  from  the  other 
from  three  to  six  inches. 

After  years  of  persistent  effort  on  behalf  of  several  smreyora 
and  engineers,  the  City  Council  finally  in  1888  established  over  the 
city  numerous  bench  marks.  Under  the  direction  of  Mr,  O.  H.  Chen^, 
chief  of  the  Bureau  of  Sewers,  there  were  about  eighteen  standani 
bendi  marks  established  and  legalized  by  ordinance. 
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THE  ECONOMY  AND  ACCURACY  OF  VARIOUS  METHODS 

OF  LEVELING. 

BY  LESLIE  A.  WATBRBURY :    ( MEMBER). 

The  writer  has  recently  collected  some  data  concerning  the  accur- 
acy and  economy  of  different  methods  of  leveling,  sfi  applied  particu- 
larly to  profile  leveling.  The  plan  followed  was  to  select  a  line  and 
obtain  elevations  for  profiles  of  it  in  several  diiferent  ways.  The 
results  thus  obtained  were  compared  to  determine  the  relative  error 
and  the  relative  amount  of  labor  required. 

The  "standard"  profile  with  which  the  others  were  compared  was 
obtained  by  measuring  the  line  with  a  100- ft.  tape  and  taking  ground 
elevations  with  an  engineer's  level  at  each  100-ft.  station.  The  profile 
thus  obtained  is  shown  by  the  heavy  black  line  in  the  diagram.  The 
elevations  obtained  in  this  manner  required  IJ  hours'  labor  of  a 
leveler,  a  rodman  and  two  chainmen,  or  cost  altogether  6  hours'  labor. 
This  is  represented  graphically  by  the  line  marked  "Standard/*  under 
the  heading  of  cost. 

Elevations  were  also  taken  with  an  engineer's  level  by  pacing  the 
distances  and  taking  readings  at  those  points  at  which  there  was  a 
change  of  grade.  The  results  obtained  in  this  manner  are  indicated 
on  the  diagram  by  the  lines  marked  "Profile  by  Level,"  and  in  the 
cost  diagram  by  the  line  marked  "Engineer's  Level."  The  number  of 
hours'  labor  required  for  this  method,  as  determined  by  averaging  the 
results  of  two  different  sets  of  observers,  was  44j^  of  the  time  required 
for  the  standard  method,  as  is  indicated  in  the  cost  diagram. 

Other  profiles  were  determined  by  taking  elevations  with  the  hand 
level,  the  stadia  and  the  aneroid  barometer,  the  distances  being  paced 
for  the  barometer  and  hand  level.  The  results  are  shown.  In  the 
case  of  the  barometer,  elevations  were  taken  going  in  one  direction 
and  then  repeated  while  returning.  F.ach  elevation  was  determined 
by  taking  two  readings,  first  lowering  the  instrument  to  the  ground 
and  then  raising  it  to  disturb  the  pointer.  The  final  elevation  was 
taken  as  the  mean  of  the  values  determined  in  going  and  returning, 
90  that  four  barometer  readings  were  taken  for  each  point.  By  taking 
readings  both  going  and  returning  any  constantly  progressive  error, 
such  as  uniform  change  in  temperature,  would  be  eliminated.  That 
the  changes  which  occur  are  largely  of  this  character  is  well  illustrated 
by  the  profiles,  which  show  for  each  case  the  results  for  the  trip  out 
and  for  the  return  trip,  and  also,  midway  between  these,  the  profile 
for  the  mean  of  the  two.    In  one  case,  the  difference  of  tiie  rea£ng8 
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cenUge  of  anything,  but  the  rolfttive  errors  of  two  profiles  will  be  the 
ratio  of  their  deviations  from  the  etandard.  "Hiat  is,  the  aaeaney  ia 
inversely  proportional  to  the  deviation.  This  would  give  the  standard 
an  accuracy  of  infinity,  which  would  hardly  be  eonsisteait  The  mai- 
imum  amount  which  the  st^idard  profile  would  deviate  from  the 
actual  form  of  the  ground  would  perhaps  be  a  few  tenths  of  a  foot, 
or  since  the  maximum  deviation  of  the  best  profile  by  the  aeoond 
method  with  the  engineer'e  level  is  a  little  less  than  a  foot,  it  is  takoi 
as  half  of  that  value  and  its  accuracy  is  considered  as  lOOi^.  Two 
valuee  are  given  for  the  engineer's  level  in  this  case,  one  of  vhich  has 
a  question  mark  after  it.  This  question  indicates  that  the  result  after 
wMch  it  is  placed  is  not  to  be  taken  as  representative,  for  the  reasoa 
that  the  profile  from  which  it  i?  taken  evidently  did  not  follow  the 
by  any  otlier  method,   may   indicate  a  gradient  of   +20    between 


original  line.  The  standard  profile  followed  the  center  of  the  street, 
whereas  one  of  the  profiles  by  the  second  method  with  the  engineer's 
level  follows  the  grade  of  the  sidewall;.  This  would  not  affect  the  cost 
Dor  the  mean  error. 

The  third  method  of  determining  the  relative  error  was  to 
superpose  each  of  the  other  profiles  upon  the  standard,  so 
that  the  starting  points  coincided,  and  to  take  the  sum  of  all  the 
areas  included  between  the  two.  The  error  is  considered  positive  for 
areas  both  above  and  below  the  standard.  In  thin  case  again  the  error 
of  the  standard  is  taken  as  half  that  for  the  engineer's  level  by  the 
second  method. 

The  reason  for  selecting  tJiese  different  methods  is  that  the  mean 
error  does  not  necessarily  determine  the  accuracy  of  any  particular 
method.  For  instance,  the  grade  between  three  consecutive  stations 
might  be  zero,  whereas  elevations  determined  by  the  barometer,  or 
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stations  1  and  2  and  — 20 jf  between  stations  2  and  3.  The  mean 
error  in  this  case  would  be  zero,  but  the  area  error  and  maximum  error 
would  be  developed.  Again,  some  method  may  on  the  whole  give  a 
small  area  error  and  a  small  mean  error,  but  may  occasionally  develop 
large  errors.  Such  a  case  would  be  indicated  by  the  maximum  error. 
The  diagram  indicates  that,  for  the  observations  made,  the  barometer 
wa^  more  accurate  than  the  hand  level,  a?  far  as  mean  error  was  con- 
oemed,  but  for  both  maximum  error  and  area  error  the  barometer  was 
the  least  accurate  of  any  instrument  used.  Another  thing  to  be 
noticed  is  that  the  stadia  developed  less  area  error,  but  a  greater  max- 
imum error  than  the  hand  level. 

To  the  right  of  the  values  for  accuracy  in  each  case  is  the  ratio 
of  cost  to  accuracy,  or  in  other  words,  it  is  the  cost  of  a  unit  of 
accuracy.  As  regards  mean  error,  the  minimum  cost  of  accuracy  is 
obtained  with  the  barometer,  but  for  llie  other  methods  the  barometer 
is  the  most  costly.  For  maximum  error,  and  for  area  error,  accuracy 
is  cheapest  for  the  second  method  with  the  engineer's  level.  In  any 
individual  case  the  relative  importance  of  each  method  of  determining 
error  would  be  dependent  upon  the  character  of  the  results  desired. 


Tabulatbd  Comparison  of  Mbthods  of  Leveling. 

COST. 

Standard 100 

Engineer's  level 44 

Hand  level 50 

Stadia 43  or  50 

Barometer 28 

ACCURACY.       COST  DIVIDED  BY  ACCURACY 

(By  Mean  Error.) 

Standard 100  100 

Engineer's  level 99  45 

Hand  level 8  r  62 

Stadia 96  45  or  52 

Barometer 87  29 

(By  Maximum  Error.) 

Standard 100  100 

Engineer's  level 50  89 

••    (?) 12                            352 

Hand  level 23                            216 

Stadia 20  245  or  281 

Barometer 8                            360 

(By  Area  Error.) 

Standard 100  100 

Engineer's  level 50  89 

••    (?) 17  267 

Hand  level 25  198 

Stadia 37  107  or  135 

Barometer i  z  236 
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THE  METRIC  SYSTEM  IX  THE  SUUVEY  OF  TIIE  PUBLIC 

LANDS. 

BY  8.  8.  OBEBLEY:    (HONORARY  KBMBER.) 

It  is  not  proposed  to  reiYiew  the  merits  of  the  metric  systaii^  bat 
to  state  some  objections  to  the  metric  bill  now  before  CcxigresBL  On 
Nov.  9,  1003,  Mr.  Shairoth,  of  the  House  Committee  on  Ooinage, 
Weights  and  Measures^  introduced  the  following  bill : 

On  and  after  Jan.  1,  1905,  all  the  Departanenta  of  the  Gkxvemment  in  the 
transaction  of  all  business  requiring  the  use  of  weight  and  meaaureiiMBt^ 
exoept  in  completing  the  survey  of  public  lands,  shall  emploj  and  use  onlj 
the  weights  and  measures  of  the  metric  system;  and  on  and  after  Jan.  1» 
1906,  the  weights  and  measures  of  the  metric  system  shall  be  the  legml  itan- 
dard  weights  and  measures  of  and  in  the  United  States. 

The  metric  units  were  made  legal  standards  in  the  United  States 
by  the  permissive  act  of  186G.  It  is  not  clear  what  additional  force,  if 
any,  is  given  them  by  this  bill.  This  bill  specially  excepts  '^e  ooni- 
pleiion  of  the  survey  of  public  lands''  from  liie  use  of  metric  measnres. 
This  exception  seems  to  have  been  adopted  on  the  suggestion  of  Mr. 
Charles  D.  Walcott,  Director  of  the  U.  S.  Geological  Survey.  While 
approving  the  use  of  the  metric  system  in  all  other  dejiartments  of 
the  government  service,  he  objected  to  its  use  by  the  land  office  on  the 
ground  that  ^'the  people  have  been  so  accustomed  by  long  usage  to 
think  of  all  land  measurement  in  terms  of  the  English  system  of 
miles,  rods,  links,  chains,  acres,  etc.,  that  it  will  not  be  practioable  to 
persuade  them  to  adopt  the  metric  system  for  land  measurement.** 

It  is  true  that  in  all  the  original  surveys  for  the  subdivision  of 
the  public  lands  into  townships  and  sections,  the  Gimter's  chain  is  the 
unit.  Each  full  section  is  (theoretically)  80  chains,  or  one  mile, 
square.  A  full  township  is  (theoretically)  a  square  of  36  of  these 
sections.  As  villages  spring  up,  the  sections  must  be  subdivided  into 
lots  of  convenient  size  for  homes.  Roads  must  be  made,  sewers,  and 
pipes  for  water  and  gas  must  be  laid.  On  the  lots  houses  must  be 
built.  All  the  materisJs  for  those  various  purposes — lumber,  masonry, 
pipes,  plaster,  paint,  glass,  wire — are  measured  by  the  foot,  or  its  mul- 
tiple, the  yard.  The  architect  must,  therefore,  draw  his  plans  to  a 
scale  of  feet  and  he  requires  the  surveyor  to  lay  out  the  lot  in  feet  and 
decimals,  or  in  feet  and  inches.  The  surveyor,  who  subdivides  a  sec- 
tion, or  a  part  thereof,  into  a  town  plat,  anticipates  all  this,  and 
measures  its  dimensions^  not  in  chains  and  links,  but  in  feet,  and 
marks  upon  his  plat  of  the  new  village  or  town  the  size  of  Hie  lots  and 
the  width  of  the  streets  in  feet. 
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When  the  metric  imitB  come  into  general  use,  all  materials  will 
be  bought  and  sold  by  metric  units;  architects  will  draw  their  plans 
to  a  metric  scale,  and  the  surve3'or  will  give  metric  dimensions  to  his 
lots  and  streets.  If  the  survey  of  public  lands  be  excepted  from  the 
operation  of  a  metric  law,  the  U.  S.  Deputy  Surveyor  will  continue  to 
use  the  almost  obsolete  Gunter's  chain,  and  will  record  the  dimensions 
in  terms  of  the  chain.  In  order  to  adapt  the  land  for  use  for  towns 
and  villages,  the  land  must  be  remeasured  by  a  metric  chain,  and  all 
the  U.  S.  dimensions  must  be  translated  into  terms  of  metres. 
Would  it  not  be  a  great  saving  of  time  and  labor,  if  the  original  sur- 
vey of  the  land  by  the  Unit^  States  were  made  in  the  same  imits, 
which  are  to  be  applied  later,  when  the  land  becomes  closely  occupied  ? 
If  the  metric  system  is  ever  to  be  adopted  for  all  other  uses,  should 
it  not  be  applied  to  land,  which  is  the  basis  and  the  foundation  of  all 
things?  If  the  metric  system  is  to  be  brought  into  general  use,  in  the 
government  service,  public  convenience  demands  that  the  survey  of 
the  public  lands  should  not  be  excepted. 

Farmers,  land  owners  and  people  generally  are  familiar  enough 
with  miles,  rods  and  acres,  but  chains  and  links  are  familiar  to  few 
besides  practical  surveyors,  and  they  are  rapidly  forgetting  them. 
Nobody  measures,  or  ever  will  measure,  anything  but  land  with  a 
Gunter^s  chain.  ITiat  instnmient  has  had  its  day  of  usefulness,  and 
has  served  its  purpose  well,  Now  let  it  make  way  for  a  successor  better 
fitted  to  serve  present  needs.  After  a  continuous  practice  of  50  years 
as  a  land  surveyor  in  Chicago  and  in  Cook  County,  I  may  say  that 
I  have  not  used  or  seen  a  Gunter's  chain  for  the  last  30  years. 


go 
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SOME  RECENT  ENGINEERING  MEASURING  INSTRU- 
MENTS. 

BY  GEORGB  I.  HERRIOK  (MEMBER). 

The  thought  has  come  to  me  why  a  man  in  the  field  cannot  cany 
with  him  in  the  form  of  a  tape  a  convenient  measure  whereby  angles 
may  be  measured  or  laid  off  on  the  ground  with  accuracy  and  dis- 
patch. For  such  a  tape  I  have  chosen  the  scale  of  chords  as  a  con- 
venient function.  Take  a  tape  and  divide  it  into  three  parts,  AB, 
BC,  CD,  each  of  the  first  two  being  equal  to  29.289314j^  of  the  entire 
length  of  the  tape,  and  the  third  making  the  balance,  or  41.421372jt 
Divide  this  third  portion,  CD,  into  a  scale  of  chords  of  a  circle  whose 
radius  is  equal  to  AC,  and  graduate  this  on  the  tape  with  the  chord 
of  0**  at  C  and  the  chord  of  90**  at  D. 
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Fig.  1. 

Place  point  B  of  the  tape  at  the  apex  of  the  angle  to  be  laid  off 
or  measured,  as  B  in  Fig.  1,  and  place  the  point  C  of  the  tape  at  a 
point  C  in  the  base  line  adjacent  to  the  quadrant  in  which  the  angle 
lies.  With  these  points  fixed,  swing  the  free  end  of  the  tape  AB  until 
it  lies  in  the  line  whose  angle  is  to  be  measured  as  BA^.  Prom  the 
end  of  BA  measure  the  angle  by  reading  the  mark  on  the  tape  at  which 
the  chord  CA^  terminates,  in  this  case  90°.  For  the  angle  C  B  ES, 
the  chord  C  E  will  read  60**  on  the  tape. 

To  provide  a  tape  which  will  be  useful  to  measure  angles  in  two 
quadrants,  I  have  made  use  of  the  polar  equation  of  an  ellipse  referred 
to  a  focus  to  determine  the  length  of  the  radius  vectors  of  an  ellipse. 
These  being  calculated  and  marked  upon  a  face  of  the  tape  constitute 
what  may  be  called  a  scale  of  radius  vectors,  which  occupies  the  cen- 
tral portion  of  a  tape  of  which  the  end  portions  may  be  blank.  This 
tape  may  be  graduated  so  as  to  be  used  in  two  ways.  The  entire  tape 
may  form  the  three  sides  of  a  triangle,  one  side  of  which  is  in  the 
base  line,  or  in  the  major  axis  of  an  ellipse  from  one  of  whose  focii  an 
angle  is  to  be  measured,  as  in  Fig.  2.     Or  the  entire  tape  may  be  the 
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two  free  portioos,  or  the  radius  vectors  of  an  ellipse  with  the  two  enda 
A  and  B  held  at  the  focii  A'  and  B',  in  Fig.  3.  In  either  caae  the 
method  of  use  is  the  same  after  the  proper  focii  are  obtained  and  the 
proper  points  of  the  tape  secured  at  them. 
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hub,  as  shown  in  the  cross  section.  To  the  left-hand  end  of  the  hub 
a  ring  is  attached,  which  ring  revolves  around  C,  thus  forming  a 
bearing  for  that  end  of  the  hub.  Around  the  outer  rim  of  the  ma- 
chinery compartment  is  the  cogwheel  D  E  and  between  D  and  A  is  a 
wheel  E,  meshing  with  them,  and  running  free.  When  E  is  rotated  by 
turning  handle  P  and  the  wheel  is  caused  to  make  one  complete  revo- 
lution around  the  hollow  hub  afi  an  axis,  the  cogs  in  E  will  have  trav- 
eled over  a  distance  of  about  310  mm. 

This  peripheral  motion  is  communicated  to  the  circumference  of 
wheel  A,  whose  circumferential  measurement  is  about  124  mm. 
Consequently,  A  will  revolve  2^  timea  while  E  makes  one  revolution, 
which  will  cause  the  tape  to  be  wound  up  2^  times  as  fast  as  with  the 
ordinary  form  of  tape-case.  A  higher  ratio  can  be  obtained  if  desired. 
A  man  handling  the  case  can  wind  np  a  tape  as  fast  as  the  man  at 
the  other  end  can  walk.  Thus  he  will  make  a  practice  of  keeping  the 
tape  in  the  case,  and  not  looped  up,  by  which  latter  practice  more 
damage  is  done  to  tapes  than  is  done  by  all  the  legitimate  wear  to 
which  they  are  ordinarily  subjected  in  their  use.  It  will  be  seen  that 
the  case  is  not  made  objectionably  thick  by  the  addition  of  the  extra 
compartment,  and  it  may  be  easily  taken  apart  for  repairs  of  tape  or 
to  insert  another  tape. 
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CONCRETE  ON  THE  FARM. 

BY  LLOYD  Z.  JONES  I   (MEMBER). 

The  time  seems  to  be  at  hand  when  a  more  permanent  method 
of  construction  of  farm  buildings  must  tx'  used.  Liund  worth  $40  per 
acre  that  produced  a  crop  that  sold  for  $10  to  $25  per  acre  could  easily 
buy  new  lumber  at  $15  per  1.000  ft.  But  now,  the  same  land,  worn 
and  aged,  worth  $100  to  $150  per  acre,  and  producing  a  crop  worth 
$10  to  $20  per  acre,  must  find  a  cheaper  and  more  durable  building 
material  tlian  lumber  at  $25  per  1,000  ft.  Any  pretense  at  per- 
manency on  com  land  farms  will  generally  be  found  to  be  a  soft-brick 
wall  laid  up  with  lime  mortar  and  standing  only  because  the  load  it 
carries  holds  it  in  place.  The  unexposed  portions  might  as  well  have 
been  laid  with  clay  mortar.  My  father's  blacksmith  shop  chimney, 
on  the  farm,  laid  25  years  ago  with  clay  mortar,  is  aa  good  to-day 
as  it  was  the  day  it  was  built  up  to  the  roof.  During  tho  same  time 
the  brick  house  has  been  painted  several  times  and  the  basement  walls 
concreted  to  keep  the  bricks  together.  Lime  mortar  has  a  proper  use 
in  thin  masses  free  from  damp.  Natural  cement  has  its  uses  where 
its  quick-setting  property  is  the  desirable  consideration. 

Portland  cement  is  coming  to  be  the  universal  building  material. 
Combined  with  iron  beams,  rods  and  wires  it  builds  anything.  With 
Portland  cement  the  worihless  sands,  the  gravel  banks  and  the  boulders 
are  turned  into  gold  or  its  equivalent.  The  artificial  stone  or  concrete 
age  is  now  with  us.  Some  of  the  limitations  and  possibilities  of  the 
future  wood  supply  may  be  seen  in  sections  of  fence  post  timber  in  my 
possession;  one  is  from  a  cedar  post  41  ins.  diameter,  which  grew  176 
years,  and  required  90  years  to  grow  a  ring  an  inch  thick.  Another 
cedar  past,  grown  in  190  years,  was  a  young  tree  at  the  time  of  I^uis 
XIV.  of  France,  Charles  XII.  of  Sweden,  Queen  Anne  of  England 
and  Frederick  William  of  Prussia.  Tliese  jwsts  last  but  a  frax?tion  of 
the  time  it  takes  them  to  grow.  A  section  of  an  oak  railway  tie  shows 
40  years  required  to  grow  an  inch  wide,  yet  it  is  damaged  to  useless- 
ness  in  five  years,  above  ground,  set  as  a  guy  rope  post.  Other  sam- 
ples of  osage  orange,  mulberrv,  catalpa  and  black  locust  grow  from 
^-in.  to  over  1  in.  in  diameter  each  year,  and  if  seasoned  for  two  years 
will  last  20  to  100  years.  The  future  wood  supply  is  an  engineer's 
problem,  the  serious  nature  of  which  is  compelling  a  change  from 
wood  to  concrete  const niction. 

In  tr}ung  to  discuss  the  use  of  concrete  on  the  farm  I  have  found 
many  diifficulties,  including  the  limited  use  from  which  to  die  ex- 
amples and  the  great  variation  in  prices  of  the  same  material :  Cement, 
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We  will  now  consider  the  application  of  concrete  to  farm  con- 
struction. 

Concrete  siding  for  dwellings  and  other  buildings ;  also  to  renew 
old  buildings  having  good  foundations  and  frames,  but  an  outward 
appearance  not  in  harmony  with  their  surroundings.  Procure  poultry 
netting,  1  in.  mesh,  4  ft.  wide.  If  a  new  building,  sheet  it  with  rough 
No.  2  or  cull  lumber.  Put  up  a  breadth  of  wire,  staple  it  at  top,  bot- 
tom and  one  side  and  stretch  sideways.  Drive  screws  into  the  wall, 
leaving  the  heads  out  f-in.  Put  the  wire  in  the  slot  in  the  screw  and 
drive  a  staple  over  to  hold  it  in  place.  The  screws  and  staples  keep 
the  wire  out  from  the  boards  and  carry  the  load.  If  ihe  building  has 
old  siding,  no  screws  will  be  needed.  Plaster  with  Poiiiland  cement 
mortar  No.  4,  and  keep  it  wet,  not  dripping,  until  set.  A  dwelling 
plastered,  in  this  way  and  filled  between  the  studding  with  sawdust, 
makes  a  most  comfortable  home,  if  the  housewife  is  pleasant  tempered. 
It  never  needs  paint,  and  vines  and  creepers  take  to  it  readily  and  do 
no  damage.  It  costs  3  cts.  per  sq.  ft.  If  sided  with  lumber  the  cost  is 
6  cts.  per  ft. 

Cement  roofing  also  needs  no  screws.  The  first  coat  is  spread  on 
about  f-in.  thick  and  when  the  cement  begins  to  stiffen,  U  or  2  in. 
netting  is  spread  over  the  concrete  and  staples  are  driven  down  through 
the  first  coat  and  the  second  coat  spread  on.  To  guard  against  leaks, 
the  roof  should  be  put  on  in  4  ft.  breadths  up  and  down  the  roof  and 
a  strip  of  wood,  ixl^  ins.,  put  between  for  an  expansion  joint.  The 
cement  of  the  second  coat  can  be  raised  i-in.  at  each  edge  to  keep  out 
water.  Nails  can  be  driven  down  the  ^-in.  strip  into  the  sheeting  and 
a  cap  strip  of  cement  cast  over  the  joint  and  held  in  place  by  the  top 
ends  of  the  nails.  This  work  should  be  done  late  in  the  afternoon  and 
kept  damp  bv  a  wet  blanket.  Cost,  3  cts.  per  sq.  ft.  Shingles  cost 
S^cts. 

In  concrete  house  construction  the  foundation  should  be  a  little 
wider  than  for  brick  walls,  to  guard  against  cracks,  which  look  much 
worse  in  a  concrete  wall.  There  is  a  tendencv  in  walls  to  settle  more 
under  the  parts  solid  from  base  to  cornice  than  under  the  parts  where 
there  are  openings  for  doors  and  windows,  which  is  shown  by  diagonal 
cracks  from  the  ends  of  window  sills  up  to  the  window  opening.  Extra 
wide  foundation  should  be  laid  outside  at  each  comer,  as  comers  of 
buildings  frequently  settle  more  than  the  sides  and  a  crack  will  start 
perhaps  a  dozen  feet  from  the  ground  and  run  diagonally  down  each 
wall  from  the  comer,  so  a  large  piece  of  base  and  building  are  detached. 
I  have  observed  these  cracks  in  brick  and  stone  buildings  and  would  try 
to  avoid  them  in  concrete. 

For  a  two-story  and  basement  house,  a  10-in.  wall  is  thick  enough. 
A  piece  of  2-in.  iron  pipe,  two  or  three  feet  longer  than  the  width  of 
the  window  and  door  openings,  should  be  embedded  above  and  below 
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Illinois  more  speedy  good  than  to  organize  a  Short  Course  in  Concrete 
Construction,  and  send  out  to  the  cities  and  towns  for  the  masons, 
contractors,  builders  and  engineers  to  come  and  learn.  It  would  rival 
the  Short  Course  in  Agriculture,  with  its  increasing  hundreds  of  at- 
tendants in  several  States.  If  held  in  the  later  part  of  January  it 
would  have  the  additional  advantage,  as  the  men  are  not  busy. 

To  concrete  a  well,  dig  down  about  4  ft.  for  the  regular  3  ft.  4  in. 
size.  Lay  up  with  hard  bricks  and  concrete  the  inside  carefully  with 
a  coat  an  inch  thick.  Then  dig  the  well  32  ins.  diameter,  and  plaster 
it  with  cement  mortar  as  fast  as  dug,  digging  foot-holds  in  the  walls 
and  cementing  them  also  for  a  permanent  ladder.  By  using  a  wash 
of  natural  cement,  which  sets  in  3  to  5  minutes,  a  great  depth  oan  be 
sank  in  sand  or  other  bad  material,  the  wash  holding  the  wall  in 
place  while  the  cement  mortar  is  spread  on.  This  method  has  eight 
good  reasons  for  its  use:  1,  About  a  third  less  dirt  to  remove;  2,  A 
small  well  is  less  liable  to  cave;  3,  The  well  can  bei  dug  in  sand  to 
great  depth  and  be  safe;  4,  70  bricks  per  ft.  cost  50  cts.,  cement  costs 
15  cts.  per  ft.;  5,  Saves  troublesome  wooden  curbing;  6,  Allows  safe 
expansion  into  jug  form  if  water  supply  is  small  and  on  a  low  level; 
7,  The  pump  may  be  cemented  in  at  tl\e  top  and  its  suction  increase 
the  flow  of  the  vein;  8  (depending  on  7),  No  chance  for  local  pollu- 
tion; no  disease  germs  possible  unless  they  come  in  the  underground 
water. 

In  building  storage  reservoirs  on  stock  farms  a  site  should  \ye 
selected,  if  possible,  so  that  all  the  water  pumped  shall  pass  through 
a  small  tank  in  the  kitchen.  The  tank  will  then  contain  the  freshest 
water  pumped.  The  same  in  the  milkroom.  Thence  the  water  goes 
into  the  storage  reservoir  at  the  top  level,  so  no  backwater  will  come 
into  the  house.  The  reservoir  should  be  slialloW;  the  bottom  high 
enough  to  drain  dry  to  the  highest  stock  supply.  The  diameter  should 
be  such  that  at  least  a  four  days'  supply  of  water  will  be  stored,  as  1 
have  several  times  known  a  windmill  to  stand  still  four  days  in  hot 
weather.  The  daily  water  supply  for  stock  is  about  5^  of  their  weight, 
although  iha  head  of  the  herd  may  come  to  a  tank  and  take  out  200 
lbs.  of  water.  The  overflow  should  pass  back  to  the  well  and  empty 
into  a  leaky  pail  hung  to  the  puU-olT  wire  of  the  mill ;  or,  if  governed 
by  a  float,  it  should  be  large,  of  light  wood  lx)ilcd  in  poraflSn,  and 
adjusted  to  act  quickly. 

With  a  large  storage  reservoir,  all  stock  drinking  troughs  should  be 
as  small  as  possible  to  accommodate  the  stock  depending  on  each,  so 
that  less  water  will  be  exposed  to  heat  and  cold.  A  1  in.  supply  pipe 
is  not  large  enough  where  a  large  number  of  cattle  are  brought  to 
drink.  More  care  is  used  in  water  supply  for  stock  than  has  been 
customary  heretofore,  as  they  have  keener  sense  of  smell  and  taste  than 
man  and  are  sure  to  drink  at  the  l>est  supply.  A  herd  of  cattle  will 
wade  a  stream  to  go  to  a  well  tank  to  drink.    In  firm  soils  this  storage 
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All  concrete  floors  for  animals  should  be  rough.  No  smooth  coat 
is  needed.  For  1,000  sq.  ft.  of  concrete  feeding  floor  the  cost  is  $38 
down  to  $12;  plank,  $60,  and  brick  $44.  Use  no  ashes  tmder  a  bride 
floor.  If  by  diance  a  brick  should  come  loose  the  hogs  soon  root  up 
the  whole  floor  to  get  out  the  coal  in  the  ashes. 

Fence  posts  can  be  made  of  concrete.  They  should  be  about  2x4 
ins.  at  the  top,  4xG  ins.  at  the  ground,  and  3x4  ins.  at  the  bottom  in 
the  ground.  A  form  can.  be  made  with  loose  partitions  and  a  dozen 
posts  be  cast  at  one  time.  Slight  projections  at  proper  intervals  space 
the  wires  or  boards  which  are  fastened  to  the  posta  as  tel^^raph  wires 
are  fastened  to  the  glasses.  A  straight  piece  of  barbed  wire  embeddtd 
in  each  comer  strengthens  the  post  They  cost  about  20  cts.  each. 
Pier  posts;  top  8x8  ins. ;  bottom,  16x16  ins.,  and  12  ins.  deep,  making 
a  cubic  foot.  These  can  be  ca£.t  in  a  form  for  5  to  10  cts.  each.  A 
rough  stone  block  of  the  same  size  costs  22  cts.  There  are  many  useti 
for  such  pieces  on  a  farm. 

Sewer  pipes  filled  with  concrete  make  the  best  possible  pillars  for 
granaries  and  similar  structures  desired  to  be  rat  proof.  Bats  and 
mice  can  climb  concrete,  but  not  the  glazed  pipe. 

All  concrete  work  on  the  farm  should  be  solid.  The  farmer  who 
puts  in  the  popcorn  ball  or  crackcrjack  concrete  of  many  city  side- 
walks is  only  wasting  his  time  and  money. 

To  test  cement  sidewalks:  Inspect  them  on  a  damp,  foggy  day, 
when  they  are  wot,  but  the  water  does  not  run  off.  Black  ridges  of 
dirt  will  be  seen  over  each  hair  crack,  even  when  so  slight  it  c-annot  be 
seen  when  the  walk  is  dry.  A  better  job  of  concreting  can  be  done 
with  a  wet  mixtiire  than  with  a  moderately  dry  one.  The  cheaper 
classes  of  work  require  a  wet  mi\ture  to  fill  the  voids  and  the  wet  mix- 
ture in  first-class  work  will  give  the  air  bubbles  a  better  chance  to 
escape  than  in  a  stiff  mixture.  A  sample  of  railway  bridge  concrete. 
1-2-4,  material  cost  $5.85  per  yard,  shows  many  air  bubbles  that 
could  not  escape.  It  is  proba])ly  not  <o  strong  a  concrete  as  concn*te 
1-3-6,  cost  $5.25,  would  have  been  with  the  same  kind  of  mixing. 

Another  specimen,  broken  from  a  farm  cellar  floor  to  make  room 
for  a  heater,  made  of  fine  bank  gravel,  sliovvs  voids  in  the  concrete  and 
a  multitude  of  fine  air  bubbles  in  the  smooth  coat.  T  present  this 
problem  to  the  young  engineers:  How  shall  we  mix  concrete  so  it  will 
contain  no  air? 

In  discussing  this  subje<it,  no  meaition  has  been  made  of  a  job  for 
an  engineer.  We  have  made  the  farmer  and  his  men  gather  up  the 
stones,  bones  and  brickbats,  get  clean  gravel  from  a  bend  in  the  creek. 
get  sand  from  some  hillside,  make  the  mixture  and  pound  it  in  place 
with  iron  rammers,  all  free  of  cost.  Yet  there  will  be  a  wide  place 
for  the  engineer  to  make  the  plans,  forms,  moulds  and  oentera  and 
oversee  the  work.  Do  such  work  that  the  names  and  dates  will  last  a 
hundred  years. 
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attending  a  FarmerB'  Institute  at  a  town  last  week  where  the  oonciete 
sidewalks  were  so  smooth  we  could  not  walk  on  them.  In  a  case  like 
that  I  believe  they  should  have  been  sanded  with  coarse  sand,  put  (m 
after  the  concrete  work  was  done. 

C.  W.  Malcolm  :  A  farmer  near  Mansfield  has  about  lO^SOO  sq. 
ft.  of  concrete  laid  and  is  well  pleased  with  the  result.  It  is  principally 
to  give  a  solid  floor  for  feeding  cattle  in  bad  weather,  when  the  ground 
is  muddy.  In  connection  with  this  is  a  double  oomcrib,  with  concrete 
sills  and  driveway  and  a  large  enclosed  shed  with  a  concrete  floor. 
The  sills  of  the  crib  are  about  15  ins.  high  and  are  flared  at  the  base 
to  give  additional  bearing.  These  sills  were  made  high,  so  that  the 
floor  of  the  crib  cannot  easily  be  reached  by  rats.  The  concrete  floor 
is  left  rough,  so  as  not  to  be  too  slippery  in  wet  weather. 

To  attach  the  posts  of  the  sheds,  hedge  posts  are  imbedded  in  the 
concrete.  These  posts  project  slightly  above  the  floor  surface  and  have 
a  tongue  and  groove  so  that  the  posts  of  the  shed  may  b^  easily  fas- 
tened and  renewed  when  necessary.  All  the  work  was  done  by  the 
owner  vrithout  any  previous  experience  with  concrete.  He  was  able  to 
arrange  with  a  railway  company  for  getting  broken  stone  and  gravel, 
of  which  they  had  a  surplus.  On  this  account  the  cost  was  only  about 
one-half  what  it  could  have  been  contracted  for. 

Mr.  Nicolet  :  A  largo  amount  of  work  can  be  materially  cheap- 
ened by  increasing  the  proportion  of  sand.  In  unimportant  work  it 
may  be  increased  to  1  to  4^  or  1  to  5. 

Mr.  Jones:  I  have  thought  about  thick  walls,  if  we  would  put 
wooden  blocks  in  the  right  place  in  them,  they  will  take  up  room,  and 
it  would  do  just  as  well  as  if  it  was  all  concrete. 

Mr.  Nicolet:  I  would  not  advise  anyljody  to  attempt  to  put 
wood  in  concrete.  It  would  almost  surely  result  in  failure,  for  the 
reason  the  blocks  of  wood  would  absorb  the  moisture  and  crack  the  con- 
crete. But  concrete  does  not  make  a  dense  mixture.  It  is  almost 
impossible  to  build  a  concrete  wall,  two  feet  thick,  1  toi  5,  and  get  it 
watertight.  A  gi'eat  many  experiments  have  been  undertaken  along 
tliat  line.  In  order  to  get  a  dense  mixture  you  have  to  use  about  1 
to  2^.    One  to  4,  of  course,  is  a  cheaper  mixture. 

Mr.  Jones  :  The  difficulty  is  probably  in  the  practical  mixing  of 
the  material.  To  get  a  good  job  it  should  be  done  on  a  machine,  I 
suppose.  I  had  a  sample  piece  taken  out  of  a  farmer's  cellar,  which 
I  soaked  in  water  and  then  tried  to  freeze.  It  has  air  holes  tiirough 
it,  but  I  have  not  been  able  to  freeze  it. 

Mr.  Nicolet:  I  find  a  great  deal  of  good  in  tamping  thor- 
oughly. In  some  important  work  we  started  out  with  a  30-lb.  tamp 
and  found  that  unless  the  men  put  some  force  on  the  tamp  we  did  not 
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get  a  solid  mixture.  The  weight  of  the  tamp  was  increased  to  50  lbs. 
The  men  simply  had  to  lift  and  drop  it.  Then  we  got  a  very  solid  and 
denfie  mixture.  I  have  a  great  deal  of  faith  in  heavy  tamping  on  a 
gooAy  solid  mass  of  oonerete. 

The  President:  I  have  been  told  by  Mr.  Benzenberg,  one  of 
the  oonaulting  engineers  on  the  now  Cincinnati  waterworks,  that  they 
have  been  using  a  concrete  tamping  machine  run  by  compressed  air^ 
and  have  worked  it  with  great  success,  and  it  is  his  opinion  that  there 
will  be  quite  a  revolution  in  our  ideas  of  tamping  concrete,  due  to  the 
introduction  of  machines  of  that  kind. 
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THE  EFFECT  OF  MANURE  ON  MASONRY  AND  CONCRETE. 

BY  LESLIE  A.  WATIiRBCRY   (MT.MBEK). 

About  a  year  ago  the  "Engineering  News"  gave  considerable  space 
to  the  discussion  of  the  effect  which  manure,  used  to  prevent  freesiDg^ 
has  upon  concrete.  Some  writers  thought  that  concrete  is  weakened 
or  rotted  by  manure,  especially  if  rained  upon  so  that  the  water  passes 
through  the  manure  and  penetrates  the  concrete.  With  the  hope  of 
determining  something  concerning  the  matter,  the  writer  has  mideor- 
taken  a  few  experiments. 

Three  sets  of  briquettes  were  made  of  neat  Portland  cement.  At 
the  end  of  one  day  one-third  of  the  first  set  were  placed  in  water^  one- 
third  in  horse  manure  flooded  with  water,  and  one-third  in  cow  manure 
flooded  with  water.  The  briquettes  set  in  water  were  to  serve  as  a 
standard  by  which  to  compare  the  others. 

When  the  second  set  of  briquettes  was  taken  from  the  moulds  at 
the  end  of  one  day,  one-third  of  the  number  were  placed  in  clean, 
moistened  straw,  one-third  were  covered  with  horse  manure  and  the 
other  third  were  covered  with  cow  manure.  ^Fhe  briquettes  set  in 
straw  were  to  serve  as  a  standard  for  this  set.  In  this  case  none  of 
the  briquettes  were  flooded  with  water. 

One-third  of  the  third  set  of  briquettes  were  made  with  dear 
water  for  the  mortar,  one-third  with  the  effluent  from  saturated  horse 
manure  instead  of  water,  and  one-third  with  the  effluent  from  saturated 
cow  manure.  All  the  briquettes  of  tliis  set  were  placed  in  water  at 
the  end  of  one  day. 

Briquettes  from  eixch  group  of  eacli  set  were  broken  at  the  end 
of  one  week,  four  weeks  and  tliree  months.  The  moan  tensile  strength 
for  each  case  is  shown  graphically  on  the  diagram  by  the  length  of  a 
heavy  black  line  and  its  value  in  pounds  per  square  inch  is  also  gi\eiL 

Some  of  the  experiments  were  repeated,  but  in  this  case  there  was 
not  sufficient  time  to  permit  tests  at  the  end  of  three  months.  ITie 
results  of  these  eyperiments  are  shown  on  the  diagram  by  the  lighter 
lines. 

The  column  of  figures  at  the  right  edge  of  the  diagram  gives  the 

probable  errer  for  each  result  as  determined  by  the  approximate  for- 

0.8453 
mula  Em=nl/n-l^^>  ^^  which  d  is  the  difference  between  any  ob- 
servation and  the  mean  and  n  is  the  number  of  observations.     The 
probable  erroiB  are  all  large,  which  indicates  that  the  amount  of  the 
breaking  load  was  very  irregular  for  each  group. 
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Another  respect  in  which  these  experiments  were  UDBatisfaetory, 
is  the  maimer  in  which  the  standard  briquettes  developed  their 
strength.  In  Set  1,  the  streoigth  at  the  end  of  three  months  was  less 
than  at  the  end  of  four  weeks,  and  in  Set  3  the  strength  at  the  end  of 
one  week  was  more  than  for  either  four  weeks  or  three  months.  Fur- 
therfore,  standard  briquettes  of  Set  3  do  not  agree  with  standard 
briquettes  of  Set  1,  although  in  each  cas?e  they  were  made  in  the  same 
way  and  were  allowed  to  set  under  about  the  same  conditions. 

With  reference  to  the  effect  of  the  manure,  the  tests  of  briquettes 
of  Set  1  (which  were  flooded  with  water)  indicate  that  mortar  cov- 
ered with  horse  manure  develops  less  strength  in  one  week  than  under 
the  conditions  of  tlie  standard,  and  that  mortar  covered  with  cow 
manure  develops  about  the  same  strength  as  that  in  clear  water.  By 
the  end  of  four  weeks  the  standard  briquettes  of  Set  1  had  increased 
considerably  in  strength,  the  briquettes  placed  in  horse  manure  had 
also  made  a  large  gain  in  strength,  but  the  briquettes  placed  in  cow 
manure  had  changed  very  little.  By  the  end  of  three  months,  both  the 
briquettes  placed  in  horse  manure  and  those  placed  in  cow  manure 
showed  less  strength  than  they  had  at  the  end  of  four  weeks  and  also 
lees  strength  than  the  standard.  P'urthermore,  the  cow  manure  seems 
to  have  had  a  more  injurious  effect,  than  the  horse  manure. 

In  Seti  2,  the  briquettes  placed  in  horse  manure  developed  great 
strength  in  one  week  and  the  briquettes  placed  in  cow  manure  also 
developed  greater  strength  than  the  standard  for  that  length  of  time. 
This  is  perhaps  due  to  the  fact  that  the  briquettc-s  were  not  flooded 
and  that  any  heating  produced  by  the  fermentation  of  the  manure 
would  accelerate  the  set  of  the  mortar.  Moreover,  the  injurious  por- 
tions of  the  manure  would  not  ]>c  so  likely  to  penetrate  the  briquettes 
before  the  short  time  tests  were  made.  Bv  the  end  of  three  months  the 
strength  of  the  briquettes  set  in  cow  manure  had  decreased  consider- 
ably, while  the  strengtli  of  those  set  in  horse  manure  had  not  changed 
very  much.  In  this  case  the  horse  manure  seems  to  have  assisted  the 
mortar  in  developing  its  final  strength  immediately,  and  then  to  have 
left  it  in  that  condition.  The  cow  manure  accelerated  the  set  in  the 
same  manner,  but  after  this  strength  had  ])een  attained  the  manure 
continued  to  act  upon  the  mortar  with  injurious  effects. 

In  Set  3,  the  way  in  which  the  strength  for  each  of  the  three 
groups  developed  in  one  week  is  alx)ut  the  same  as  for  Set  1.  That  is, 
the  standard  bi:iquettes  and  those  made  with  cow  manure  effluent  are 
about  the  same,  while  the  strength  of  tho<?e  made  with  horse  manure 
effluent  is  less  than  that  of  either  of  the  other  two  groups.  By  the 
end  of  three  months  the  briquettes  made  with  cow  manure  effluent 
had  decreajsed  greatly  in  strength,  while  those  made  with  horse  manure 
effluent  had  about  the  same  strength  as  the  standard. 

In  all  caees  the  cow  manure  ultimately  had  a  more  injurious 
effect  upon  the  mortar  than  the  horse  manure.    This  might  not  have 
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been  the  case  had  the  briquettes  been  removed  from  the  manure  at  the 
end  of  one  week,  but  no  experiments  were  made  in  this  manner. 

The  cement  used  for  all  of  the  tests  was  Atlas  Portland  cement. 

DISCUSSION. 

Mr,  Jones:  I  understood  these  sidewalks  that  were  destroyed 
were  destroyed  by  hot  horse  manure,  where  it  was  fermenting.  I  had 
an  idea  it  was  the  ammonia  that  caused  the  injury. 

Mb,  Waterbury  :  The  fermenting  did  not  seem  to  decrease  the 
strength,  but  the  heat  seemed  to  accelerate  the  setting.  No  briquettes 
which  had  first  set  for  some  time,  were  placed  in  the  manure.  If  the 
ammonia  in  the  manure  would  affect  the  cement^  it  would  possibly  be 
shown  by  taking  the  briquettes  which  had  already  set  and  placing  them 
in  manure.    No  such  test  was  made  in  this  case. 

Mr.  Nicolet:  Perhaps  the  cement  was  not  properly  covered; 
that  the  covering  was  not  sufficient,  and  that  because  of  the  large 
amount  of  moisture  in  the  cement  the  frost  might  affect  the  cement 
through  the  manure.  I  have  sc-en  no  l^ad  effects  as  yet  from  manure 
coming  in  contact  with  cement.  Last  winter  we  used  a  large  amount 
of  manure  to  cover  concrete  that  was  exposed  to  frost,  without  any 
deleterious  effect  whatever.  I  think  where  the  cement  goes  to  pieces 
it  is  because  of  the  frost  rather  than  from  contact  with  manure. 
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N^OTES  ON  CONCRETE. 
DISCUSSION. 

Mr.  Nice  let  :  I  have  used  a  great  deal  of  gravel  concrete.  My 
first  experience  dates  back  22  years  ago.  All  through  my  practice  I 
have  used  it,  and  I  have  never  had  any  trouble  except  where  there 
was  considerable  soft  roek  in  the  gravel.  Soft  rock,  of  course,  will 
absorb  the  moisture,  and  go  to  pieocB,  or  sometimes  crack  where  it  is 
not  sufficiently  covered.  As  to  the  use  of  gravel  compared  with  broken 
stone,  I  think  it  is  a  question  of  whether  you  want  the  greatest  strength 
possible  in  the  concrete,  or  whether  you  simply  want  an  ordinary  struc- 
ture; then  it  becomes  a  matter  of  the  relative  cost  of  broken  stone  and 
gravel.  Undoubtedly  a  good,  sound  gravel  makes  a  most  excellent 
concrete,  and  I  have  never  known  a  failure  from  it. 

In  the  use  of  broken  stone  in  concrete  there  is  another  related 
matter,  namely,  the  use  of  lime.«itone  screenings  instead  of  sand.  I 
have  made  a  limited  number  of  experiments  with  screenings,  using 
them  in  proportions  of  1  to  3,  1  to  4  and  1  to  5.  The  1  to  3  mixture 
gave  usually  a  higher  tensile  strength  than  the  neat  cement  at  the 
end  of  a  year,  namely,  about  800  lbs.  per  sq.  in.  The  1  to  5  gave 
between  300  and  400  lbs.  Te««ts  were  also  made  to  determine  the 
effect  of  the  stone  dust,  that  portion  pa.ssing  a  No.  oO  sieve  being 
classed  as  dust.  Briquettes  having  10;^  dust  showed  only  about  20^ 
more  strength  in  one  year  than  tho8e  having  30<3f  of  dust  in  the  screen- 
ings. 

TiiE  President  :  This  subject  of  the  use  of  screenings  in  cement 
was  exhaustively  discussed  by  a  commission  on  the  Jerome  Park  Beser- 
voir,  New  York,  in  which  the  engineer  substituted  screenings  for  sand. 

Prof.  Baker:  Concrete  made  of  broken  stone  is  considerably 
stronger  than  the  same  proportion  of  a  gravel  mixture.  I  presume  the 
reason  is  because  the  cement  adheres  better  to  the  rough  surface  of 
the  broken  stone  than  to  the  smoother  surface  of  the  partially  rounded 
pebbles. 

Mr.  Tratman  :  Mr.  S.  B.  Newberry  has  recently  written  a  paper 
in  which  he  claims  greater  strength  for  gravel  concrete,  as  good  quartz 
gravel  is  harder  than  stone  (except  for  trap  or  quartzite),  and  its 
rounded  form  leaves  less  voids.  There  is  no  ground,  he  says,  for  the 
belief  that  rounded  stone  or  sand  makes  concrete  of  less  strength  than 
that  made  with  angular  material. 

Mr.  Schrader:  The  engineer  generally  bases  his  opinion  as  to 
the  desirability  of  concrete  and  its  component  parts  on  laboratory  tests 
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The  standard  plans  used  for  aJl  the  concrete-steel  box  cuherte 
was  from  4x4  ft  to  5x7  ft  opening.  The  foundation  was  18  ins. 
thick;  side  walls,  18  ins.  thick;  top  wall,  12  ins.  On  8x8  ft  and  lOxlO 
ft.  opening,  the  foundation  was  18  ins. ;  side  wall,  3  ft. ;  and  top  wall 
18  ins.  thick.  It  is  claimed  that  bv  the  use  of  the  steel  bar,  the  sav- 
ing  in  quantity  of  concrete  is  about  ^Sj^.  Now.  while  this  may  be  true, 
there  is  this  to  be  considered — that  for  this  class  of  construction,  the 
increased  cost  of  the  work  is  approximately  25^  more  than  in  straight 
concrete.  I  have  reference  to  the  small  steel  box  culverts.  The  steel 
used  in  larger  structures,  would  be  less  in  proportion.  The  vertical 
bar  used  in  those  box  culverts  was  the  most  objectionable  in  the  con- 
struction. The  longitudinal  and  transverse  bars,  while  increasing  the 
work,  were  not  so  noticeable  as  were  the  vertical  bars ;  the  latter  were 
only  3  ins.  from  the  face  of  culvert  wall,  making  it  almost  impossible 
for  the  men  working  in  the  forms  to  secure  a  good  finish.  The  cla« 
of  concrete  used  on  these  concrete-steel  box  culverts  was  a  very  wet 
mixture,  so  wet  that  the  men  working  in  the  molds  wore  rubber  boots 
and  stood  almost  knee  deep  in  the  concrete.  From  what  experience  I 
have  had'  with  concrete-stoel,  I  am  convinced  that  by  the  nse  of  steel 
the  quantities  can  be  lessened ;  thereby,  lessening  the  total  cost  of  con- 
struction and,  again,  it  will  secure  a  much  better  and  stronger  oon- 
orete. 

Prof.  Baker:  The  last  speaker  referring  to  the  use  of  steel  in 
concrete  by  railways  c«al]s  to  my  mind  a  specimen  of  work  by  the 
Wabash  Ry.,  near  Monticello.  On  tliat  work  thev  used  a  wash  made 
of  what  they  called  cream  of  cement.  T  saw  it  after  one  of  the  abut- 
ments had  been  completed,  and  it  looked  almost  as  if  it  had  been  built 
of  marble.  The  wash  consisted  of  one  pint  of  plaster  of  paris  and 
three  pints  of  Portland  cement  in  an  ordinary  wooden  pail  full  of 
water.  It  was  applied  witli  an  old  broom  or  a  stifr  paint  brush,  care 
being  taken  to  a])ply  it  crosswise  of  the  lines  left  by  the  joints  in  the 
wooden  forms.  This  wa.<^h  produced  an  astonisliing  result^  both  in 
making  it  smooth  and  in  making  it  white  after  the  cement  had  set. 

President  Alvohd:  T  think  one  of  the  great  drawbacks  to  the 
use  of  concrefte  in  construction,  is  its  disheveled  appearance  after  it 
is  finished,  and  some  improvement  ought  to  be  discovered  to  give  con- 
crete an  appearance  in  keeping  with  its  economy,  strength  and  dura- 
bility. 
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The  cement  was  taken  from  bags  shipped  to  the  city  for  the  retail 
market,  and  was  not  a  special  cement  for  testing  purposes.  It  will 
be  seen  that  the  Utica  cement  is  a  very  high  grade  of  natural  cem^t, 
and  that  the  Atlas  cement  is  a  good  quality  of  Portland.  The  fineness 
and  activity  of  the  cement  are  as  follows : 

UtIca  AtlM 

Passing  sieve  No.  50 97 A%  99  6% 

Passing  sieve  No.  100 80.5%  925% 

Time,  mjxing  to  initial  set 3a  min.  x  hr.    560110. 

Time,  mixing  to  final  set 3  hrs.  20  min.  5  hrs.  16  min. 

The  tensile  strength  of  the  cement,  in  pounds  per  square  inch,  is  as 
follows : 


CEMENT 

PER  CENT  OF  WATER 

AGE 

24  hrs. 

7dajs 

30  dajs 

Utica 

31 

lbs. 
80 

ItM. 

181 

lbs. 
230 

Atlas 

17 

265 

710 

Mixing  and  TrsTixo.  The  cement  and  gravel  were  thoroughly 
mixed  dry,  then  wetted  and  mixed  into  a  stiff  mortar,  after  which  the 
dampened  stone  was  added  and  the  whole  was  tnmc-d  several  times. 
The  mixture  was  then  tamped  into  the  molds  by  means  of  an  11-lb. 
tamper  having  a  face  area  of  9  square  inches.  About  two  or  three 
inches  of  loose  material  was  placed  in  the  molds  at  a  time  and  tamped. 
During  the  operation  a  square-ended  trowel  was  worked  up  and  do^n 
between  the  concrete  and  form,  thus  bringing  the  mortar  to  the  sides 
and  corners  of  the  specimen  and  making  it  homogenous  throughout 
In  ever\'  case  only  enough  water  was  used  to  cause  a  film  of  water  to 
come  to  the  surface  iifter  considerable  tamping.  The  cubes  were  left 
in  the  molds  for  24  hours  with  a  damp  cloth  over  them,  after  which 
time  the  molds  were  carefully  removed  and  the  specimene  were  stored 
under  cloths  which  were  dampened  fiom  time  to  time  until  the  cubes 
were  tested.  The  concrete  bc^ams  were  made  and  stored  in  the  same 
manner  as  the  cubes.  In  crushing  the  cu])es  and  breaking  the  beams, 
the  direction  of  the  force  applied  was  perpendicular  to  the  tamped 
srurface.  Immediately  before  crushing  the  cubes,  the  two  faces  to 
which  the  force  waa  applied  was  plastered  Avith  a  thin  coat  of  plaster 
of  pans,  and  a  self-adjusting  plate  was  used  to  distribute  the  pressure 
over  the  entire  surface  of  the  cube. 

Costs.  In  arriving  at  the  cost  of  the  concrete,  gravel  and  sand 
were  taken  at  90  cts.  per  cu.  yd. ;  broken  stone,  at  $1.40 ;  Utica  cement. 
65  cts.  per  barrel.;  Portland  cement,  r$2:  and  labor  for  measurine, 
mixing,  placing,  grading  and  tamping  a  (i-in.  layer  of  concreto  was 
taken  at  6  cts.  per  sq.  yd. 
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2.  The  strength  of  concrete  composed  of  1  part  Natural  cement, 
3  parts  gravel  and  3  parts  broken  stone,  and  concrete  composed  of  1 
part  Portland  cement,  10  parts  gravel  and  10  parts  broken  stone,  are 
nearly  equal.    (Tests  2,  23  and  24.) 

3.  The  addition  of  broken  stone  in  amount  equal  to  the  gravel, 
without  increasing  the  quantity  of  cement,  materially  increases  the 
strength  and  decreases  the  cost  of  the  concrete.     (Tests  4  and  10.) 

4.  The  increase  of  the  broken  stone  from  4  parts  to  8  parts  does 
not  materially  change  the  strength  of  the  concrete,  but  reduces  the 
cost.     (Tests  12,  10  and  20.) 

5.  The  increase  of  the  broken  stone  from  8  parts  to  16  parts  dofs 
not  materially  change  the  cost  of  the  concrete.     (Tests  18  and  2G.) 

About  half  a  mile  of  pavement  having  a  very  lean  Portland  con- 
crete was  laid  during  the  pa.'^t  sftison  under  the  writer's  direction. 
It  was  found,  much  to  tho  surprise  of  the  writer  and  also  to  the  con- 
tractor, that  not  only  the  very  lean  concrete  was  more  easily  mixed, 
but  it  was  more  uniform  than  the  ver}^  rich  natural  cement  concrete 
heretofore  used.  In  all  respects,  the  Porthmd  cement  concrete  is 
superior  to  the  natural  cement  concrete. 

BRICK  BEAMS  WITH  CEMENT  FILLFP. 

The  writer  made  a  number  of  brick  beams  by  taking  paving  brick 
and  cementing  them  together  with  a  cement  filler.  The  beams  were 
3  bricks  long,  3  bricks  wide  and  -1  ins.  deep.  They  were  formed  by 
laying  the  brick  side  by  side  as  in  the  pavement,  and  the  interstices 
were  filled  with  grout,  consisting  of  1  part  Portland  cement  and  1 
part  sand.  The  cost  of  this  filler  was  8  to  12  cts.  per  sq.  yd.  Table 
No.  2  shows  the  result  obtained  by  supporting  the  beams  on  knife 
edges  24  inches  apart  and  applying  the  load  at  the  center. 

TABLB  NO.  2 — MODULUS  OF  RUPTURE  OF  BRICK  BEAMS  WITH  CEMENT  FILLER. 


No. 


I 

2 

3 
4 

5 


NAME  OF 
BRICK 


Clinton  . . . . 

Culver 

Poston 


DIMENSIONS  OF  BEAM 

AGE 

Inches 

DAYS 

Depth 

Breadth 

Length 

30 

4 

loH 

24 

30 

4 

10% 

24 

90 

4 

loH 

24 

30 

4 

XI 

24 

122 

4 

II 

24 

Load 

at 
Center 


Lbs. 


1640 
2160 
2660 
2570 
2210 


OB  U 

a  0 
o  a 

IS 


Lbs. 

per  Sq. 

Inch. 


u 

E5g5 

38. 


351 
452 

557 
526 

452 


OD 

25 


09 


Lbs. 


1248 
1607 
1981 
1870 
1607 


By  comparing  Nos.  2  and  20  in  Table  No.  1  with  TsTo.  3  in  Tabic 
No.  2,  it  will  be  seen  that  a  brick  beam  4  inches  in  depth  is  50^ 
stronger  than  a  concn-te  beam  consisting  of  1  part  natural  cement. 
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all  certain  but  what  honest  macadam  is  a  great  deal  better  than  a  good 
deal  of  the  dishonest  concrete  which  we  now  have,  because  it  costs  a 
good  deal  less,  and  is  apparently  just  as  strong. 

Mr.  Nicolet:    Was  that  natural  cement,  or  Portland  cement? 

The  President  :  Both.  In  Omaha  we  made  24  cuts  in  the  pave- 
ment, and  in  many  cases  the  concrete  foundation  was  not  as  good  as  the 
macadam  foundation,  and  there  were  only  6  ins.  at  that.  In  other 
places  we  cut  through  8  ins.  of  concrete  as  eafiily  as  if  it  had  been 
macadam.  Once  in  a  while  we  did  strike  good  concrete,  which  showed 
what  could  be  accomplished  when  it  was  properly  put  in. 

Mr.  iSTicoLET:  I  would  not  be  surimsed  to  find  that  after  a 
period  of  years  any  concrete  made  of  natural  cement  had  entirely  dis- 
integrated, because  I  have  never  known  an  instance  yet  where  natural 
cement  has  been  exposed  to  frost,  that  it  would  not  disintegrate.  I 
have  gone  down  3^  ft.  below  the  surface  of  the  ground  and  found  dis- 
integration through  the  action  of  frost.  It  is  not  surprising  if  the 
natural  cement  is  foimd  to  be  disintegrated  after  a  period  of  years 
under  those  circumstances. 

President  Alvord:  That  is  somewhat  novel  to  me.  It  had  not 
occurred  to  me  as  an  explanation.  Most  of  these  cases  were  where  the 
pavement  had  been  do\^Ti  some  15  years. 

Prof.  Talbot  :  We  probably  all  feel  that  many  pavements  are 
made  of  very  poor  concrete.  Some  very  poor  construction  ha&  been 
done  in  foundations  for  pavements.  The  natural  cement  concrete  in 
Champaign,  however,  has  been  better  than  the  average  class  of  nat- 
ural cement  pavement  concrete,  both  in  the  material  used  and  in  the 
manner  of  mixing.  The  cement  has  been  up  to  grade,  as  is  shown  by 
the  high  tensile  strength  of  the  Utica  cement  quoted.  And  yet  there 
is  something  connected  with  the  natural  cement  mortar  which  does 
not  give  good  results.  The  Portland  cement  gravel  concrete  founda- 
tion, referred  to  by  Mr.  Gearhart,  put  in  six  or  eight  years  ago,  shows 
a  very  solid  foundation.  Cutting  trenches  exposed  a  very  strong  con- 
crete. 

What  has  struck  mc  as  unexpected  in  these  concrete  tests  is  that 
the  lean  and  meagre  mixtures  should  give  such  high  strength.  Mr. 
Jones  has  spoken  about  thel-3-9  mixture ;  but  here  we  have  1-3-8,  and 
then  1-10-10,  giving  good  results,  not  only  in  crushing  strength,  but 
also  in  the  transverse  strength.  The  second  unexpected  point  ia  that 
there  was  no  difficulty  experienced  in  securing  good  workmanship  in 
mixing  it,  and  that  the  contractor  experienced  no  difficulty  in  making 
these  lean  mixtures  satisfactory  to  the  inspector.  The  third  unexpected 
item  is  the  great  strength  given  to  the  pavement  structure  by  the 
cement  filler.  It  seems  to  me  that  such  high  strength  is  a  strong  point 
in  favor  of  tho  use  of  this  filler. 
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Prof.  Baker  :  The  last  speaker  has  misapprehended  my  remark 
about  the  steam  roller.  I  do  not  think  it  is  of  so  much  importance  to 
have  a  heavy  steam  roller^  as  it  is  to  have  a  roller  which  can  be  nm 
transYersely  as  well  as  longitudinally  with  the  street.  I  think  that 
has  more  to  do  with  it  than  the  weight  of  the  roller.  The  disadvan- 
tage in  the  use  of  the  horse  rollei'  on  a  broken  stone  road  is  that  the 
feet  of  the  horses  break  up  the  macadam^  while  with  the  steam  roller 
the  macadam  is  not  thus  disturbed.  The  steam  roller  is  better  to  use 
on  the  sub-grade  because  it  can  be  nm  transversely  and  longitudinally. 

Mr.  Paddock  :  If  you  have  a  horse  roller  of  sufficient  weight  you 
have  too  many  horses  to  handle  conveniently.  T  think  very  likely  a 
10-ton  steam  roller  would  be  sufficient  to  accomplish  the  desired  result 
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Bified  landscape  scenes,  large  enough  in  their  scope,  and  giving  to  park 
visitors  an  easy  comprehensive  grasp  of  the  opjportunitieB  of  the 
grounds.  These  parts  will  noed  skillful  blending  with  plantations 
and  toning  with  floral  display  of  hardy  and  other  plants.  Tlie  pavilion 
building,  designed  to  have  large  covered  balconies  for  shelter,  mnat  be 
made  accessible  for  vehicles  and  foot  people,  and  also  have  a  boat  land- 
ing from  the  lalce.  The  basement  would  have  wdl-appointed  lavatoriei^ 
and  a  storage  room  for  park  implements  and  fuel.  Near  the  pavilion 
would  be  the  band  house,  around  Avhich  crowds  of  carriages  and  people 
can  stop  and  circulate  with  safety.  There  should  be  rtationaiy  and 
movable  settees  provided  for  1.000  visitors,  and  many  more  can  find 
comfortable  sitting  places  on  the  close  mowed  shady  lawns.  A  place 
should  also  be  provided  for  hitching  horses,  and  suitable  water  hydrants 
made  convenient  of  access  and  not  hard  to  find. 

The  park  swings,  settees,  arbors  and  other  park  equipment  will 
after  awhile  become  stationary  fixtures  in  their  most  appropriate 
places.  ITie  contour  of  the  lake  should  have  clean  gravel  beaches  in 
some  of  its  shallow  edges;  some  of  the  small  promontories  may  be 
thickly  planted,  others  more  distinctly  marked  by  granite  boulders, 
the  variety  of  striking  colors  contrasting  sharply  with  the  green  of  the 
lawn  and  the  reflections  of  the  water.  The  coves  and  small  bays  may 
be  dotted  with  water  plants.  The  small  foot  bridges  should  be  neat 
and  substantially  built ;  no  rustic  woodwork  being  used  in  their  con- 
struction, as  it  is  too  short  lived  and  when  decay  has  set  in  it  cannot 
be  repaired.  The  lake  may  be  stocked  with  common  and  fancy  varieties 
of  gold  and  silver  fish,  excluding  all  game  fish.  The  small  stock  of 
these  inexpensive  and  hardy  water  beauties  increases  rapidl)',  and  their 
frolics  are  much  enjoyed  by  park  visitors.  TTntil  ice  is  fonned  on  the 
lake  surface,  some  25  or  30  water  fowl  may  also  make  friends  with 
the  park  visitors.  After  the  ioe  has  become  of  safe  thickness  the  sur- 
face is  the  pleasure  ground  for  skaters. 

The  principal  park  entrance  is  the  terminus  of  a  parkway  or 
boulevard  to  the  city.  There  are  double  driveways  »S0  ft.  in  width, 
bordered  on  the  outside  by  evenly  spaced,  symmetrical  trees.  On  the 
center  lawn,  between  the  roads,  are  massed  beds  of  flowers  in  geomet- 
rical patterns ;  and  at  some  future  time  one  or  more  groups  of  monu- 
mental statuary  or  a  fountain  may  give  an  artistic  finish  to  this 
gateway  of  the  city  park.  Along  similar  lines  the  boulevard  is  im- 
proved, adding  15-ft.  side  lawns  and  8-ft.  sidewalks  to  the  drives; 
that  is,  if  the  parkway  is  not  over  six  or  seven  blocks  long.  Beyond 
this  length,  one  central  driveway  50  ft.  wide,  and  lawns  17  ft.  each, 
with  the  8-ft.  sidewalks,  are  preferable  and  in  better  proportion  to  the 
length.  The  profile  of  the  roadways  and  their  construction  are  drter- 
mined  by  the  kind  of  material  of  which  they  are  to  be  built.  The  grade 
from  the  curb  to  the  lot  line  is  the  one  usually  adopted,  1  in.  in  3  ft. 
The  grade  of  the  sidewalk  for  the  parkway,  as  well  as  the  one  of  the 
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public  street,  should  follow  the  curb  grade.  We  all  know  the  ugly 
appearance  of  a  sidewalk  6  ft.  wide  (or  any  other  width)  perched  on 
the  lot  grade  with  a  6  ft.  or  8  ft.  grass  plat,  and  sometimes  leas,  slop- 
ing down  3  or  4  ft.  to  the  curb,  and  then  a  roodway  88  or  40  ft.  wide. 
A  street  width  should  be  half  roadway,  and  the  other  half  sidewalk 
and  lawns.  All  other  arrangements  are  noticeable  for  their  dispro- 
portion. 

On  these  general  lines  a  city  park  is  built.  It  is  not  pretentious, 
considering  the  beginning.  It  is  not  over  costly,  as  park  statistics 
show  that  omitting  the  cost  of  the  land  such  park  improvements  will 
cost  on  an  average  of  from  $400  to  $500  per  acre,  and  can  be  main- 
tained yearly  for  $100  per  acre.  We  must  consider  the  fact  that  for 
six  months  of  each  year  it  is  the  only  summer  outing  ground  of  the 
city^s  dwellers  and  their  visiting  friends.  No  music  hall,  public 
library,  or  any  other  place  of  public  entertainment  can  give  all  classes 
of  people  the  same  satisfaction  that  they  derive  from  a  visit  to  the 
well  appointed  city  park. 
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REPORT  OF  THE  COMMITTEE  ON  ARCHITECTURE. 

The  building  business  has  been  unusually  good  throughout  the 
entire  State,  and  most  architects  have  been  professionally  employed^ 
few  buildings  of  aiiy  importance  being  built  now  except  from  the 
designs  and  under  the  supendsion  of  an  architect.  The  effect  of  good 
crops  has  been  to  make  money  abundant  in  the  farming  districts,  so 
that  an  imusual  number  of  good  buildings  have  been  erected  in  the 
villages  and  smaller  towns.  A  conaiderable  number  of  very  large  and 
costly  fireproof  structures  have  been  completed  or  are  in  prooess  of 
construction  in  Chicago;  these  include  the  Marshall  Field  store,  the 
Tribune  building,  the  Schlessinger  &  Mayer  store,  the  Railway  Ex- 
change building,  and  the  First  National  Bank  building.  This  last 
replaces  a  structure  built  several  years  after  the  iire  and  apparently 
too  good  to  be  destroyed. 

Some  interesting  changes  in  methods  of  construction  have  been 
noticed.  The  United  Stat^  building  was  built  on  pile  foundations^ 
but  these  are  exceptional  in  Chicago.  Large  concrete  piers  are  now 
used  for  supporting  most  of  the  finest  new  office  and  store  buildings. 
Excavations  6  to  8  ft.  diameter  are  made  where  required,  the  earth 
heing  kept  out  by  plank  lining,  supported  by  rings  of  wood  or  steel. 
These  are  extended  down  from  60  to  80  ft.,  either  to  the  solid  ixx*  or 
to  the  hard  sand  just  above  it.  The  excavation  is  usually  enlarged  to 
10  or  12  ft.  diameter  at  the  bottom,  in  order  to  provide  the  spread  of 
the  footings.  Then  the  excavation  is  filled  with  concrete  of  cement 
and  crushed  stone  tamped  into  place.  Cap  plates  on  the  tops  of  these 
concrete  piers  receive  steel  girders  on  which  are  set  the  lines  of  col- 
umns of  the  structure. 

A  very  remarkable  instance  of  the  use  of  these  concrete  foundation 
piers  occurred  during  the  rebuilding  of  the  comer  portion  of  Schles- 
singer &  Mayer's  store  in  Chicago  about  one  year  ago.  To  save  time, 
tb^  piers  were  put  in  while  the  building  was  still  in  use.  Where  tlie 
old  foundations  were  in  the  way  of  the  new  ones,  the  basement  columns 
were  gripped  between  steel  beams  resting  on  temporary  footings,  wh&i 
the  old  foundation  was  safely  removed.  Small  elevator  towers  were 
placed  on  the  sidewalk  to  remove  dirt  and  admit  materials,  causing 
no  obstruction  in  the  street.  After  the  Christmas  trade  was  over,  the 
building  was  closed,  quickly  removed,  and  the  new  building  was  opened 
for  use  in  a  few  montiis. 

This  concrete  foundation  is  free  from  the  objection  usually  made 
to  the  steel  and  concrete  foundation  previously  used,  which  rested  on 
the  soft  clay  and  might  settle  unequally  and  continually.    Ndtlier  is 
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license  law  has  had  a  marked  effect  in  raising  the  standard  of  profes- 
sional attainments^  and  it  has  benefited  the  public  by  fixing  the  respon- 
sibility for  unsafe  construction. 

The  members  of  this  Society  will  doubtless  visit  the  IntematioDal 
Exhibition,  at  St.  Louis  next  summer^  thus  having  a  good  opportunity 
to  compare  the  exhibition  buildings  with  those  of  the  famous  ''White 
City"'  at  Chicago  in  1893. 

Your  committee  feels  the  need  of  briefly  mentioning  the  recent 
disaster  at  the  Iroquois  Theater,  hut*  prefers  not  to  discuss  the  causes. 
But  some  facts  appear  promin^itly^  and  they  deserve  serious  thought: 

1.  That  Americans  are  dispot^ed  to  pay  too  little  attention  to  the 
safely  of  other  persons. 

2.  That  public  officials  too  frequently  perform  their  duties  in  a 
cai^lees  and  perfunctory  way. ' 

3.  That  had  existing  laws  and  ordinances  been  properly  oif oroed, 
such  accidents  oould  not  occur. 

4.  After  the  public  has  recovered  from  the  shock,  it  appears  prob- 
able that  necessary  precautions  for  the  safety  of  the  public  will  be 
neglected  pretly  mudi  as  before.    Respectfully  submitted, 

N".  C.  RicKBR,  Chairman. 

S.  A.  BULLARD, 

F.  Oswald, 

Committee. 
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The  tendeoicy  of  modem  practice  in  bridge  deaigxi  is  towurd  strac- 
tares  that  give  a  mazimum  rigidiiy  even  at  the  expanse  of  material. 
Tn  railway  bridges,  the  webs  of  plate  girders  are  b^ng  made  thidcer, 
f-iiL  being  a  minimum,  and  such  bridges  are  only  uaed  for  short  spans. 
For  spans  of  say  100  to  200  ft,  riveted  trusses  are  preferred,  while 
above  200  ft.  pin- connected  trusses  are  still  used.  Very  little  progress 
is  being  made  in  highway  bridge  design,  although  there  is  a  tendency 
toward  the  use  of  riveted  bridges  for  spans  up  to  say  150  ft  Much 
hsB  been  said  on  the  inferiority  of  highway  bridge  designs,  but  little 
can  be  done  until  the  public  which  pays  for  the  bridges  is  educated 
to  understand  or  is  forced  by  law  to  see,  that  highway  bridges  should 
be  designed  by  competent  engineers.  Many  highway  and  railway 
bridges  are  being  built  of  reinforced  concrete.  If  properly  designed  and 
constructed  these  structuree  are  veiy  permanent  and  satisfactory. 
However,  on  account  of  defective  designs  and  poor  workmanship  many 
of  the  PMnforoed  concrete  bridges  recently  put  in  will  doubtlees  prove 
short-lived. 

In  steel  buildings,  the  Z-bar  column  seems  to  be  losing  ground 
and  is  being  replaced  by  the  column  composed  of  four  angles  and  a 
{data  The  cost  of  fabricating  the  latter  is  less  than  for  the  Z-bar 
oolumn;  the  material  can  be  obtained  more  easily,  and  connections  are 
made  with  equal  ease.  On  account  of  the  peculiar  section^  Z-bars  are 
expensive  to  roll,  and  in  all  probability  this  section  will  soon  be  no 
longer  rolled. 

The  sand  blast  is  coming  into  quite  general  use  for  cleaning  struc- 
tural steel.  In  connection  with  the  protection  of  steel  from  corrosion 
the  recent  experiments  on  protection  of  steel  by  concrete,  made  by 
Prof.  Norton  at  the  Insurance  Engineering  Experiment  Station,  Bos- 
ton, Maaa,  are  of  interest  These  experiments  show  conclusively  that 
the  corrosion  of  steel  is  prevented,  wliether  dry  or  submerged,  by  en- 
closing it  on  all  aides  with  a  coating  of  cement  mortaj  about  IJ  ins. 
in  thickness.  The  samples  used  in  these  tests  included  pieces  of  steel 
in  all  stages  of  corrosion,  from  bright  steel  to  steel  with  rust  i-in. 
deep ;  clean  and  covered  with  oil.  Particular  stress  is  laid  on  the  im- 
portance of  mixing  the  concrete  very  wet 

The  most  important  addition  to  the  facilities  for  fabricating  steel 
work  is  the  Ambridge  plant  of  the  American  Bridge  Go.  This  shop 
has  been  erected  at  a  cost  of  about  $5,000,000^  and  is  the  largest  and 
most  complete  bridge  shop  in  the  world.  The  main  shop  for  heavy 
bridge  and  riveted  work  has  a  capacity  of  15,000  tons  per  month;  tlie 
highT>H^  bridge  shop  has  a  capacity  of  5,000  tons  per  month,  and  the 
eyo:^  Nbop  a  capacity  of  4,000  tons  per  month;  making  a  total 
capftu  ,  X24,000  tons  per  month.  The  eye-bar  shop  is  notaUe  for  its 
size  and  lo^N^e  size  of  the  eye-bars  which  can  be  made,  as  bars  18  ins. 
deep  and  3  ina  thick,  having  40-in.  heads,  can  be  fabricated  with  ease. 
When  the  Ambridge  plant  goes  into  full  operation  it  will  doabtless 
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profitable  have  they  proved  that  we  see  in  America  and  througfaoat  the 
world  people  putting  up  gaa  works  for  the  sole  purpose  of  generatmg 
gaa  to  run  these  engines^  both  large  and  small,  because  of  their  great 
economy  and  efficiency.  At  this  point  we  find  an  interesting  paralld: 
the  efficiency  of  a  small  gas  engine  is  approximately  the  same  as  that 
of  a  large  one,  while  the  efficiency  of  a  steam  engine  increases  with 
the  fidze  of  the  unit.  Thus  we  bum  8  or  10  lbs.  of  coal  to  produce 
(me  H.  P.-hour  with  a  small  steam  engine,  and  decrease  this  amoont 
as  we  go  up,  to  a  possible  3  or  2  lbs.,  as  used  by  the  largest  and  most 
elaborate  triple  compound  condensing  engines.  With  the  suction  pro- 
ducer plant  furnishing  gas  that  will  give  one  H.  P.-hour  on  1  lb.  of 
coal,  and  that  of  low  grade,  we  truly  have  a  dramatic  and  sensational 
picture  spread  before  us. 

The  first  cost  of  a  gas  engine,  with  its  corollary  or  producer  plant 
attached,  may  be  said  to  be  about  25^  more  than  the  cost  of  the  latest 
type  of  steam  engine  with  its  boiler  attachment  and  other  necesBary 
appurtenances.  This  difference  promises  soon  to  be  eliminated,  bat 
it  is  of  little  consequence  what  this  difference  is  as  long  aa  the  diffe^ 
enoe  in  coal  consumption  remains  so  greatly  in  favor  of  the  intenial 
combustion  engine.  Gas  plants  for  making  fuel  for  these  engines 
have  been  in  service  for  many  years,  but  it  is  only  recently  that  it  has 
been  profitable  or  possible  to  make  them  in  small  units.  Before  we 
meet  in  convention  another  twelve  months  hence,  however,  suction  pro- 
ducer plants  will  be  sold  like  hard  coal  stoves  and  will  not  require  any 
more  attention  to  operate,  and  thip  for  small  units  of  power  ranging 
from  10-H.  P.  Truly  the  time  setims  near  at  hand  when  we  may 
send  to  the  comer  grocery  store  to  purchase  a  half  a  pint  of  horse- 
power. 

In  closing  this  review  it  is  propcT  to  say  that  the  New  York  Cen- 
tral &  Hudson  River  Ry.  have  recently  let  contracts  for  $18,000,000 
worth  of  modem  electrical  power  plants,  to  handle  its  entire  train  ser- 
vice electrically  between  Spuyten  Duyvil  and  the  42nd  street  terminus. 

We  have  been  living  for  a  century  in  an  age  of  steam,  and  this 
because  of  our  supposed  inexhaustible  coal  fields.  Already  the  pro- 
fessors are  telling  us  how  many  years  we  can  draw  upon  that  bank 
account  at  the  present  wasteful  rate.  Truly,  if  we  can  make  hence- 
forth one  pound  of  coal  do  the  work  of  two  pounds,  we  have  b^nn 
the  new  century  well. 

J.  C.  Qu\DE^  Chairman. 
T.  W.  Snow, 
R.  H.  Slooum, 

Committee. 
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THE  ILLINOIS  GOOD  ROADS  COMMISSION. 

BY  DE  WITT  W.  SMITH. 

(Chairman  of  the  Illmois  State  Glood  Iioads  Commissioii.) 

Your  secretary  has  asked  me  to  give  you  some  information  as  ta 
''the  organization  and  purposes  of  the  Illinois  Oood  Iioads  Commis- 
sion, together  with  an  account  of  the  work  so  far  done,  with  an  out- 
line of  the  propoeed  plan  of  action  on  behalf  of  good  roads  for  Illinois." 
The  following  extract  from  the  legislative  act  undeT  which  the  com- 
mission was  appointed,  defines  its  duties,  and  in  itself  answers  to  a 
great  extent  the  question : 

"It  shall  be  the  duty  of  this  Commissioii  to  investigate  the  varioiiB  prob- 
lems of  road  building  in  Illinois,  such  as  the  best  and  most  eccmomical  native 
materials,  the  best  system  of  road  drainage,  the  best  and  most  practicaUe 
methods  by  which  the  burden  of  cost  may  be  equitably  distributed  among  all 
the  people,  such  as  Federal,  State  and  County  aid,  convict  labor,  etc,  etc 
Hie  results  of  the  investigations  and  studies  of  the  Cbmmission  shall  be  em- 
bodied in  a  report  to  the  next  General  Assembly,  to  be  accompanied  by  the 
form  of  a  bill  for  an  act  to  amend  the  present  road  laws  of  the  state  ao  as  to 
conform  to  the  present  advanced  thought  and  requirements  on  the  subject 
of  road  building.  The  sum  of  $5,000,  or  such  part  thereof  as  is  necessary,  is 
hereby  appropriated  out  of  the  State  Treasury,  for  the  esqienses  of  the  said 
Commission." 

The  Commission  was  organized  last  October,  and  may  be  said 
to  have  scarcely  as  yet  entered  upon  its  real  work.  Our  first  step  was 
to  put  ourselves  in  communication  with  the  U.  S.  Bureau  of  Boads 
Enquiry,  and  with  various  State  Commissioners,  notably  those  of 
Massachusetts,  New  York  and  New  Jersey,  in  which  States  we  undei^ 
stand  the  greatest  progress  has  been  made  in  the  systematic  study  and 
practioe  of  the  art  of  road  building.  Our  next  step  was  in  an  effort 
to  secure  as  nearly  as  possible,  with  the  limited  means  at  our  dispoBal, 
a  survey  of  the  present  extent  and  condition  of  the  wagon  roads  of  the 
State.  To  accomplish  this  we  have  addressed  a  circular  letter  to  the 
various  boards  of  highway  and  county  commissionePB,  asking  them  to 
give  us  answers  to  the  following  inquiries: 

1.  How  many  miles  of  wagon  road  in  your  township,  exclusive  of  streets 
in  cities,  towns  and  villages? 

2.  How  many  miles  of  improved  road  surfaced  with  hard  material, 
exclusive  of  streets  as  above? 

3.  Kinds  of  material  used  in  surfacing  improved  roado  as  above,  with 
cost  of  same  per  mile? 

4.  What  native  material  is  there  in  your  township  that  might  be  used 
for  surfacing  roads,  such  as  stone  of  various  kinds,  gravel,  etc,  with  cost 
of  same  per  sq.  yd.  placed  on  the  road? 
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of  a  permanoit  system  of  improved  roads.  But  with  all  the  difficulties 
of  the  situation/ the  lecW  of  compensation  still  holds  good.  Throughout 
the  greater  portion  of  Illinois  the  general  surface  of  the  coimtry  is 
levels  and  expensive  grading  is  not  required^  our  streams  are  comparar 
tively  few  and  sluggish  in  their  flow,  we  do  not  need  many  expensive 
bridges,  and  we  have  generally  an  ideal  soil  for  the  great  essential  of 
imder-drainage. 

All  authorities  agree  upon  the  subject  of  drainage  being  a  prime 
requisite.  The  replies  received  from  highway  commissioners  through- 
out Illinois  indicate  an  almost  univert«al  approval  of  a  system  of  tile 
•drainage  along  our  roads,  the  only  exceptions  noted  having  come  from 
sections  of  country  where  there  is  a  stilf  clay  soil  almost  impervious 
to  water.  It  therefore  happens,  fortunately  for  us,  that  the  very  best 
preparatory  step  we  can  taJce  in  the  direction  of  hard  roads  will  give  us 
also  the  very  best  dirt  roads.  This  step  is.  to  provide  a  thoroughly 
under-drained  surface.  We  have  all  seen  tile  drains  laid  along  public 
roads  that  were  entirely  inadequate  to  the  drainage  thereof,  and  yet 
they  were  expected  to  drain  not  only  the  road  itself,  but  also  the  ad- 
joining fields  of  the  influential  citizens  alongside  of  whose  farms  they 
usually  run.  And  because  the  overworked  tile  drain  could  not  in  the 
nature  of  things  accomplish  the  unreasonable  task  imposed  upon  it, 
the  wayfaring  man,  passing  that  way,  is  liable  to  conclude  that  the 
under-drainage  of  roads  is  a  failure.  But  the  fault  is  in  the  abuse  of 
the  svstem  and  not  its  use. 

There  is  a  growing  sentiment  in  favor  of  the  idea  that  the  county 
and  state,  and  the  general  government  as  well,  should  bear  a  propor- 
tion of  the  expense  of  construction  of  hard  roads,  for  the  reason  that 
the  entire  public,  and  especially  the  cities,  are  benefited  by  them. 

Good  wagon  roads  may  seem  to  l>e  rivals  of  railways  and  inter- 
urban  lines,  and  in  a  small  measure  they  may  be  so  in  the  vicinity  of 
cities,  but  in  a  far  greater  measure  they  are  a  direct  benefit  Good 
wagon  roads  running  to^'ards  a  railway  serve  as  feeders  to  it  and  those 
running  parallel  to  it  contribute  to  the  prosperity  of  the  communities, 
and  help  build  up  the  towns  and  villages  along  the  line.  They  also 
serve  to  equalize  the  inflow  of  farm  products  for  shipment,  and  prevent 
those  gluts  (which  so  often  occur  when  wagon  roads  are  good),  and 
the  long  lines  of  empty  cars  standing  on  the  sidetracks  when  the 
wagon  roads  are  bad.  This  view  is  generally  accepted  by  the  railway 
men  of  the  coimtrv,  and  manv  of  the  most  earnest  advocates  of  the 
good  roads  movement  are  to  be  found  amongst  them. 

We  have  a  condition  of  affairs  here  to-day  that  needs  revolution- 
izing; a  condition  that  is  working  a  blight  upon  the  country  and  that 
must  for  the  country's  good  be  checked  in  some  way.  I 
allude  to  the  movement,  from  the  farms  to  the  cities  and 
towns^  of  the  bright  and  ambitious  young  men  and  women, 
and    of    the    rich    and    prosperous    old    men    and     their    fani- 
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ILLINOIS  ENGINEEKS  AND  ILLINOIS  ROADS. 

BY  IRA  0.  BAKER    (MEMBER). 

Engineers  frequently  complain  that  in  emolnments  and  in  public 
eeteem  the  engineering  profession  does  not  stand  as  high  as  it  de- 
serves,  either  in  comparison  with  other  professions  or  in  view  of  the 
importance  of  the  interest  involved.  There  is  doubtless  some  justifl- 
cation  for  this  contention^  and  the  reason  for  this  lack  of  appreciation 
of  engineers  by  the  public  is  not  far  to  seek.  The  work  of  the  engineer 
ie  almost  wholly  with  inanimate  things^  the  world  of  dead  matter  and 
of  force.  The  engineer  devotes  all,  or  nearly  all,  of  his  time  to  the 
materials^  the  laws  and  the  foroes  of  nature^  and  scarcely  any  time  or 
thought  to  the  life  of  the  world,  to  its  commercial,  political^  intdlec- 
tnal,  and  social  activities. 

Natural  law^  dead  matter  and  lifeless  force  make  up  his  wt»king 
world ;  and  in  these  alone  many  engineers  live  and  move  and  have  their 
professional  being,  and  they  have  hardly  any  conception  of  any  other 
world.  The  social  and  the  political  problems  of  the  community  in 
which  they  live  seem  not  to  concern  them.  They  do  their  work  largely 
apart  and  separate  from  other  men,  and  particularly  from  those  men 
who  are  making  and  molding  public  opinion  and  who  are  giving  time 
and  thought  to  the  social  and  political  problems  of  the  ocmmmnity. 
These  engineers  give  themselves  so  much  to  the  contemplation  of  the 
material  problems  of  their  profession  that  they  lose  interest  in  the 
intellectual  and  social  life  of  the  world,  and  lack  appreciation  and 
enjoyment  of  literature  and  art ;  and  consequently  have  but  little  in 
common  with  the  men  and  women  whom  they  meet.  The  minds  of 
such  are  all  shop,  out  of  which  only  shop  talk  can  be  drawn.  Such 
men  are  little  more  than  animal  tools,  and  are  liable  to  be  something 
of  a  bore  to  their  friends  and  a  weariness  to  the  fle9h  of  the  more 
liberal-minded  men  of  the  other  professions.  Their  influence  upon 
the  social  and  the  intellectual  life  of  the  community  is  zero;  and  it  is 
no  wonder  that  those  who  mold  and  make  public  opinion  do  not  accord 
these  engineers  a  high  place  in  their  estimation.  Nor  need  it  be  a 
surprise  that  the  returns  for  professional  labors  are  too  much  like  thoae 
received  by  other  ciphers  in  society,  and  too  little  like  that  obtained  by 
those  who  make  and  mold  public  opinion. 

There  ia  another  reason  that  has  prevented  the  engineering  pro- 
fession from  receiving  from  the  public  the  recognition  justly  due.  Tlie 
engineer  who  is  competent  and  sees  where  the  public  could  fee  benefited 
by  his  professional  knowledge  is  often  reluctant  to  offer  advice,  either 
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fact  that  the  contentions  of  one  side  have  never  been  seriously  oon- 
aidered  by  the  otlier.  The  disputants  have  faced  in  opposite  directions, 
and  each  haa  addressed  only  those  who  held  his  own  views,  and  oon- 
aequently  little  or  no  progress  has  been  made  toward  the  solution  of 
the  problem.  But  this  condition  of  affairs  is  likely  to  come  to  an  end, 
for  the  report  of  the  Illinois  Oood-Hoads  Commission  will  bring  the 
matter  up  in  the  next  Legislature,  and  an  attempt  will  probably  be 
made  to  embody  some  view  of  road  reform  in  legal  enactment.  Within 
a  year  the  discussion  of  the  good-road  question  is  likely  to  take  on  a 
new  aspect  in  this  State,  and  engineers  should  be  ready  to  discuss  the 
•question  with  intelligence.  The  discussion  should  proceed  with  more 
light  and  less  heat  than  has  been  common  in  the  past. 

It  is  frequently  claimed  by  engineers  that  the  wagon  roads  would 
be  better  and  more  cconomicallv  cared  for.  if  thev  were  under  the 
^direction  of  engineers.  How  many  of  our  number  have  shown  to  the 
public  any  interest  in  good  roads?  How  many  Illinois  engineers  have, 
by  a  public  discussion  of  the  good-road  problem,  given  to  the  public 
any  evidence  of  a  careful  study  of  that  problem  ?  I  am  not  unmindful 
that  at  the  annual  meetings  of  our  Society  there  have  been  papers  and 
reports  upon  various  road  matters;  but  such  articles  are  written  for 
engineers,  while  nearly  all  the  rural  roads  arc  in  name  and  in  fact 
under  the  control  of  the  farmers — or,  to  be  more  specific,  under  the 
actual  control  of  the  landowners — and  it  is  highly  improbable  that 
any  material  legal  change  will  be  made  in  road  matters  which  is  not 
-approved  by  the  farmer?.  The  problem,  then,  is  to  induce  the  farmers 
to  take  better  care  of  the  present  roacLs,  or  to  instnict  them  in  im- 
proved methods  of  caring  for  the  present  roads,  or  to  persuade  them 
to  approve  means  that  will  lead  to  better  roads  than  the  present  ones 
■can  ever  be. 

As  showing  the  attitude  of  a  rural  community  toward  the  ques- 
tion of  road  improvement,  the  following  recent  experience  may  be 
of  some  interest:  I  was  asked  at  short  notice  to  address  a  county 
farmer's  institute,  and  the  secretary  (without  consulting  me)  an- 
nounced the  subject  as  "Good  Roads  and  How  to  Secure  Them.'*  When 
I  found  a  large  baJl  packed  to  the  doors,  and  also  foimd  that  I  was  a 
stranger  to  the  entire  audience,  I  said  that  I  was  glad  to  appear  before 
them  to  discuss  the  good-road  problem,  and  was  ejcplaining  that  fiiere 
had  been  less  improvement  in.  the  past  few  years  in  wagon  roads  than 
in  most  other  rural  matters,  when  a  man  in  the  middle  of  the  hall 
shouted:  "Mister,  are  you  selling  bicycles  or  automobiles?"  While 
there  was  no  open  applause,  a  distinct  undertone  of  approval  greeted 
this  remark,  which  was  significant,  in  view  of  the  undemonstrative 
character  of  such  audiences.  As  soon  as  I  could  cateh  my  breath  and 
^et  my  bearings,  I  said :  "I  have  neither  bicycles  nor  automobiles  to 
;selL    i  have  no  axe  to  grind.    I  came  only  to  discuss  what  can  be  done 
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miflsionerB  to  congtruct  such  a  bridge  floor,  but  cold  weather  has  pre- 
Yented  the  laying  of  the  concrete.  Tt.  is  desirable  that  the  problem 
should  be  attadced  in  several  different  localities  and  by  different  ex- 
perimenters. 

Another  of  tlie  relatively  minor  problems  that  the  pablic  needs 
help  upon  ia  this:  Can  a  broken  stone  road  be  built  in  the  com  belt  of 
Illinois  that  will  not  be  pulled  to  pieces  by  the  mud  brought  upon  it 
from  the  unpaved  roadside?  Some  poorly  oonatmcted  roads  have 
been  quickly  pulled  to  pieces,  which  seems  to  show  that  there  is  at  bert 
(mly  a  narrow  margin  between  success  and^  failure.  As  the  leeult  of 
a  single  piece  of  road  would  not  be  oonclusive;,  it  is  desirable  that  ajso 
this  experiment  should  be  made  in  different  localities  by  different .pb^ 
servers,  the  methods  and  results  in  each  case  being  caredhilly  recorded 
and  published.  -^ 

Before  dosing  there  is  another  matter,  which,  al&ough  really 
small  in  itself,  is  worthy  of  mention,  if  for  no  other  reason  than  to 
show  that  the  engineers  of  Illinois  did  not  haYe  a  very  marked  inr 
fluence  upon  legislative  action  in  matters  relating  to  a  purely  engineer- 
ing subject.  A  statute  of  the  State  of  Illinois  prescribes  a  pezialty  if 
any  one  shall  build  a  highway  bridge  which  is  not  capable  of  carrying 
100  pounds  per  square  foot  It  does  not  need  to  be  pointed  out  to  a 
body  of  engineeirs  that  the  law  does  not  specifiy  whettier  or  not  the 
resulting  stress  may  be  nearly  equal  to  the  ultimate  strength  of  the 
material,  or  be  equal  to  the  elastic  limit,  or  be  nq  more  than  half  of 
the  elastic  limit.  Apparently  the  man  who  drew  this  law  did  not 
know  that  a  traction  engine  weighing  a  good  deal  less  than  100  pounds 
per  square  foot  of  the  bridge  floor  might  strain  the  bridge  much  more 
than  that  uniform  load.  Of  course,  the  law  is  absurd  in  that  it  makes 
no  distinction  between  the  assumed  unit  load  on  a  panel  and  that  on 
the  whole  span,  and  makes  no  distinction  between  long  and  short  span 
bridges,  nor  between  a  bridge  in  a  remote  rural  district  and  <me  on  a 
street  of  a  large  city.  The  writer  has  tried  several  times  to  find  who 
was  responsible  for  this  surprising  law,  but  can  learn  nothing  whatso- 
ever about  its  origin. 

Perhaps  this  is  a  good  plaoe  to  bring  this  article  to  a  dose  by 
repeating  tiiat,  for  the  benefit  of  the  public  and  their  own  professional 
standing,  it  is  desirable  for  engineers  to  take  a  more  promineDt  part 
in  the  making  and  molding  of  public  opinion,  and  the  question  of  good 
roads  is  a  good  place  to  begin. 
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A  driver,  in  descending  a  hill  with  a  loaded  wagon,  will  make  it  easier 
for  the  horses  by  tnming  out  so  as  to  cause  the  wagon  to  run  or  slide 
diagonally.  If  the  surface  of  the  road  is  not  firm  this  action  will  dis- 
place the  loose  stones.  Tliis  trouble  could  perhaps  be  remedied,  par- 
tially at  least,  by  placing  the  stone  in  a  trench  to  give  more  support 
to  the  edges,  and  by  rolling  the  surface  more  to  make  it  ae  compact 
a6  possible. 

Aside  from  the  point  mentioned,  the  roads  of  Palmyra  township 
are  about  as  economically  constructed  as  possible.  The  soil  is  sandy 
enough  and  the  surface  ha«  slope  enough  to  prevent  any  trouble  from 
lack  of  under-drainage,  and  therefore  it  would  not  pay  to  employ  tile 
drains.  The  use  of  stone  fc<?reened  into  two  sizes,  so  that  the  fine 
material  is  removed,  is  advantageous,  since  the  variety  of  sizes  of  the 
pieces  of  stone  will  make  a  more  compact  mass  than  if  composed  of 
uniform  pieces.  If  the  stone  wore  rolled  more  when  being  laid,  the 
variety  of  sizes  would  not  be  of  so  much  benefit,  since  it  would  tend 
to  prevent  the  pieces  from  being  wedged  together.  As  it  is,  the  rolling 
is  done  when  the  road  is  finished  and  is  probably  of  but  little  value  in 
compacting  the  mass.  However,  rhe  rolling  is  not  wasted,  for  it  will 
leave  the  surface  in  shape  to  attract  travel,  whereas  otherwise  the  stone 
road  would  not  be  used  until  the  dirt  tracJc  was  impassable,  at  which 
time  the  surface  of  the  stone  would  be  picked  up  by  muddy  wheels. 

In  Buffalo  township,  stone  which  is  laid  on  hilly  ground  is  usually 
placed  in  a  trench  to  prevent  the  edges  from  washing  away.  On  level 
ground,  the  stone  is  placed  on  the  surface  of  the  soil.  The  first  layer 
consists  of  coarse  stone,  broken  in  place  by  hand.  This  layer  is  made 
at  least  8  ins.  thick  where  the  road  has  good  drainage,  and  from  10  to 
12  ins.  thick  where  the  road  is  particularly  bad  at  wet  seasons  of  the 
year.  This  layer  is  then  rolled  with  a  6-ton  horse  roller.  On  top  of 
the  first  layer  is  placed  3  ins.  of  coarse  crushed  stone.  This  layer  is 
also  rolled.  A  layer  2  in?,  thick  of  finer  crushed  stone  is  then  placed 
on  the  road  and  on  this  some  fine  screenings.  The  road  is  then  rolled 
again.  The  width  of  roadway  built  during  ihe  past  year  is  12  ft  on 
high  ground  and  20  ft.  in  creek  bottoms. 

The  construction  which  is  used  in  Buifalo  township  does  not  seem 
to  be  the  most  economical  that  could  be  designed.  It  should  not  he 
necessary  to  use  14  ins.  of  stone  to  distribute  the  load  of  a  wagon 
wheel  so  that  the  soil  beneath  would  resist  the  pressure.  If  the  soil 
is  too  soft  to  support  the  stone  at  wet  seasons  of  the  year,  the  remedy 
should  be  the  removal  of  the  water  instead  of  an  increase  in  the  depth 
of  stone.  One  of  the  reasons  for  using  the  depth  of  stone  mentioned 
is  that  the  lower  layer  of  stone  will  not  be  so  compact  but  that  it  will 
act  as  a  drain.  This  does  not  seem  to  be  a  vers^  good  nor  economical 
plan,  because  the  drainage  should  be  deep  enough  to  be  below  frost. 
If,  in  one  portion  of  the  road,  the  lower  layer  is  more  compact  than 
the  portion  on  higher  ground,  or  if  it  is  frozen,  the  water  from  the 
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this  method  to  be  cheaper  than  to  build  the  roads  themselTes.  The 
reafion  Bulfulo  townahip  builds  its  own  roads  is  that  a  large  part  of 
the  hauling  is  donated  and  it  is  difficult  to  use  donated  labor  if  the 
work  is  done  by  contract.  The  amount  of  d<»iated  labor  which  a  cer- 
tain part  of  the  township  will  furnish  is  one  of  the  items  determining 
where  the  work  for  the  year  will  be  done.  The  road  tax  which  hai) 
been  levied  in  Buffalo  township  for  the  past  few  years  is  $1  on  each 
$100  of  valuation.  This  furnishes  the  entire  appropriation  for  road 
and  bridge  purposes^  including  hard  roads.  The  road  tax  levied  in 
Woosung  township,  during  the  time  Btone  roads  were  being  built  was 
$1  for  hard  roads  and  60  cts.  for  general  road  and  bridge  purposes. 
Palmyra  township  levies  but  one  tax  for  all  road  and  bridge  purpoees, 
which  I  think  is  about  75  cts.  on  each  $100  of  valuation. 

All  of  the  roads  mentioned  have  been  sntisfactorv  and  axe  much 
appreciated  by  all  who  use  them.  The  writer  ia  indebted  to  Mr. 
Harry  Tipper,  Town  Clerk  of  Buffalo  township,  and  to  Mr.  G.  J.  Oitt, 
Street  Commissioner  of  Dixon,  for  assistance  in  obtaining  informa- 
tion. 


144  Illinois  Society  of  Engineers  and  Surveyors. 

the  present  time  has  been  $129.29  per  m51e  per  year.    The  average 
cost  of  maintenance  per  mile  in  1903  was  $128.34. 

Gravel  and  broken  stone  have  been  used  in  the  conatructiim  of 
the  State  aid  roads,  but  mainly  the  latter.  Most  of  these  stone  roads 
are  of  macadam  construction,  the  Commission  not  having  been  well 
satisfied  with  the  Telford  foimdations.  In  manv  cases  a  oombination 
of  gravel  and  macadam  has  been  employed,  in  which  gravel  was  the 
foundation  for  macadam  surfacing.  The  widths  of  the  roads  vary 
from  12  to  24  ft.,  but  the  prevailing  width  for  country  roads  seenu 
to  be  15  ft.    The  depths  var}'  from  6  to  10  ins. 

On  an  average  gravel  roads  cost  less  than  stone  roads.  Up  to 
Dec.  1,  1902,  415  miles  of  road  had  been  constructed  at  a  total  cost 
of  $3,802,600,  thus  giving  an  average  of  $9,]  00  per  mile.  The  average 
coat  per  mile  for  the  years  1901  and  1902  was  $6,390,  the  construction 
being  much  lighter  than  formerly. 

NEW  JERSEY. 

When  a  road  improvement  is  to  be  made  in  New  Jersey,  if  the 
owners  of  two-thirds  of  the  land  fronting  on  that  road  will  undertake 
to  pay  10<^  of  the  cost  of  improving  sudi  road,  it  is  the  duty  of  the 
board  of  diosen  freeholders  of  the  county  in  which  the  same  is  located 
to  cause  such  improvement  to  be  made.  The  board  chooses  an  en- 
gineer to  make  the  surveys  and  a  supervisor  to  superintend  the  con- 
struction of  the  road,  and  its  future  maintenance.  The  Commissioner 
of  Public  Highways  is  the  State  official  who  is  general  superintendent 
of  the  road  construction,  and  he  (with  tlie  Governor)  apportions  the 
State  appropriation  among  the  various  counties.  After  deducting  from 
the  cost  of  construction  the  10(^  to  be  paid  by  the  fronting  property 
owners,  33^  of  the  remainder  is  paid  by  the  State  and  G(i^  by  the 
county.  The  roads  thus  improved  are  known  as  county  roads,  and 
must  be  kept  in  repair  by  the  county. 

By  act  of  the  State  in  1899,  a  relation  was  established  between 
the  towns  and  the  State  similar  to  the  one  just  described  between  the 
counties  and  the  State.  The  assessments  witliin  a  county  or  town  for 
the  improvements  of  roads  must  not  exceed  one-fourth  of  the  ^'ratables 
of  the  county,^*  i.  e.,  of  the  assessed  valuation.  The  annual  State  ap- 
propriation for  road  iniprovemont  for  1801  was  $20,000;  1892-1894, 
$76,000;  1895-1898,  $100,000;  1899-1901,  $150,000;  and  1902,  $250,- 
000. 

The  materials  recommended  for  road  construction  are  stone, 
gravel,  oyster  shells,  or  other  good  materials.  Stone  roads  liave  been 
constructed  in  the  northeastern  part,  across  the  center  and  in  the 
western  part  of  the  State.  The  widths  varj'  from  10  to  30  ft,  and 
the  depths  from  4  to  14  ins.  The  common  widths  are  10  to  14  ft*  and 
the  common  depths  are  6  to  8  ins.  The  cost  of  construction  depends 
so  much  upon  cost  of  haulage,  amount  of  excavation,  and  the  expense 
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paid  by  the  State  and  half  by  the  town.  The  annual  appropriation  in 
1899  was  increaaed  to  $175,000,  and  in  1901  to  $225,000.  Sinoe  1899 
the  State  haj9  paid  two-thirds  of  the  eoet  of  constmction  in  towns  hav- 
ing a  "grand  list*'  (i.  e.,  assessed  valuation)  of  over  $1,000,000,  and 
three-fourths  in  towns  having  a  "grand  lisf  of  less  than  $1,000,000. 
The  remainder  of  the  oost  is  paid  by  the  towns  in  whidi  the  roads  are 
constructed.  No  sum  exceeding  $4,500  is  to  be  expended  in  any  one 
town  in  any  one  year.  The  State  appropriations  may  be  used  for  any 
form  of  road  improvement,  including  grading  and  the  building  of 
culverts  and  bridges. 

Gravel  and  broken  stone  axe  used  for  surfacing.  The  usual  widths 
are  12  to  16  ft.  with  depths  of  C>  to  8  ins.  The  cost  of  gravel  roads 
averages  about  $1,600  per  mile,  and  of  macadam  about  $'1,700  per  mile. 
The  total  l^ngth^  of  the  gravel  and  the  broken  stone  roads  are  about 
equal ;  575  miles  of  road  have  Ixien  constructed  since  1895.  When  a 
road  has  been  oonstmcted  in  any  town  under  the  improvement  act, 
such  towns  must  thereafter  keep  such  roads  in  proper  repair,  under 
the  approval  of  the  Highway  Commissioner. 
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machinery  and  tools^  teams,  real  estate  for  township  purposes^  the 
ereotion  of  buildings,  and^  in  fact^  almost  any  item  necessary  to  carry 
on  the  work  of  the  township.  They  may  contract  for  betterments, 
when  the  cost  is  within  certain  prescribed  limits.  They  may  nae  the 
power  of  eminent  domain  in  case  they  need  material  to  bnild  or  main- 
tain the  traveled  way  or  for  the  purpose  of  construoting  tile  or  (^>en 
drains  across  private  property  to  obtain  proper  drainage  for  the  roads. 
They  probably  seldom  use  the  power  granted  them  to  open^  widen, 
alter  or  close  a  road^  now^  as  the  roads  are  very  generally  located  and 
follow  the  section  lines. 

The  law  permits  the  Commissioners  to  employ  an  engineer  or 
superintendent  to  take  charge  of  the  work  on  the  roads^  but  usually 
each  Commissioner  supervises  the  work  in  a  certain  portion  of  tlie 
township. 

When  the  road  tax  is  paid  in  labor,  the  Commissioners  are  em* 
powered  to  subdivide  the  township  into  districts  and  appoint  for  each 
district  an  overseer^  who  is  to  look  after  the  roads  and  bridges  in  his 
district,  give  notice  of  and  supervise  the  labor  on  the  roads^  collect 
fines  and  commutation  money,  and  execute  all  the  lawful  orders  of 
the  Commissioners.  The  road  taxes  are  generally  paid  in  labor 
throughout  the  State,  and  the  results  obtained  are  probably  as  good 
as,  if  not  better  tJian,  could  be  obtained  by  contract  work,  the  rela- 
tively small  amount  of  work  and  large  area  being  taken  into  account. 

Taxes. — Two  forms  of  taxes  are  used  in  the  State  for  road  pur- 
poses, namely,  a  capitation  tax  and  a  property  tax.  The  ciipitation 
or  poll  tax  is  used  very  generally  throughout  the  State;  a  tax  of  from 
$1  to  $2  being  levied  by  the  Road  Commissioncsrs  upon  every  male 
inhabitant  between  the  ages  of  21  and  50  years.  Under  the  county 
organization  this  tax  is  $1  to  $5.  Exempt  from  this  tax  are  inhab- 
itants of  incorporated  towns  and  villages,  school  directors  receiving 
no  compensation,  idiots,  lunatics,  paupers  and  a  few  others.  The  poll 
tax  may  be  paid  in  either  labor  or  money,  at  the  option  of  the  person 
assessed,  at  the  rate  of  $1.25  per  day.  He  may  either  be  present  him- 
self to  work  or  send  a  suitable  substitute. 

The  poll  tax  may  be  not  less  than  one  day  nor  more  than  three, 
providing  the  majority  of  the  ballots  cast  at  a  special  election  are  in 
favor  of  the  payment  of  the  district  labor  and  property  road  tax  in 
labor.  A  horse,  cart,  team,  wagon,  plow  or  some  other  necessary 
machinery  may  be  required  by  the  overseer,  and  in  payment  for  this 
the  person  assessed  will  receive,  per  day.  as  follows :  For  every  wagon 
or  plow,  25  cts.;  for  each  yoke  of  oxen,  $1 ;  for  each  span  of  horses, 
$1.25.  The  person  required  to  furnish  any  of  the  above  items  also  has 
to  furnish  a  competent  person  to  manage  them. 

Under  the  head,  property  tax,  there  are  two  divisions :  one  known 
as  the  district  road  tax,  is  levied  in  the  district  of  the  towndiip  and 
must  be  expended  in  that  particular  district  and  may  be  paid  in  labor. 
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ently  benefitting  themBelvee  at  the  expense  of  the  county.  The  county 
is  required  to  grant  aid  when  the  above-mentioned  conditions  have 
existed,  and  a  good  many  bridges  serving,  perhaps,  a  half  dozen  fam- 
ilies, are  county  aid  bridges.  This  has  been  made  possible  in  that 
the  taxes  have  been  kept  up  to  a  certain  rate  or  brought  up  to  the  limit, 
while  the  valuation  of  property  for  taxation  has  been  decreased  many, 
many  times  in  the  last  few  decades. 

This  practice  has  also  led  to  undue  wastefulness  on  the  part  of 
the  Highway  Commissioners.  As  an  illustration,  suppose  a  bridge 
which  has  sufficient  span  and  depth  of  foundation  could  be  built  at  a 
cost  of  $2,000.  This  bridge  would  be  ample  to  satisfy  all  the  neces- 
sary requirements.  But  the  Commissioners  say,  'TThis  bridge  must 
cost  $3,000  to  get  county  aid.'*  They,  therefore,  proceed  to  increase 
the  span  of  the  bridge  and  the  depth  of  the  abutments  so  that  it  will 
cost  $3,000.  Bids  are  asked  for  this  bridge  and  the  county  aids  in  its 
erection.  As  a  result  the  county  is  out  $1,500  unnocessarily,  and  the 
township  saves  $500  on  this  selection.  Thousands  of  dollars  are  thus 
wasted.  Such  a  practice,  by  Highway  Commissioners,  under  the  sup- 
position that  they  are  benefitting  their  township,  is  to  be  most  strongly 
condemned,  and  county  aid  should  be  placed  under  such  restrictions 
that  it  could  not  easily  take  place.  Four  or  five  savings,  in  instances 
of  this  kind,  would  erect  another  bridge,  or  the  much  needed  money 
could  make  other  necessary  improvements. 

The  writer  will  take  this  place  to  state  that  the  Commissioner  of 
Highways  receives  the  magnificent  salary  of  $1 .50  per  day.  His  duties 
may  call  for  a  drive  of  from  12  to  18  or  more  miles  at  a  time  that 
he  can  ill  afford  to  leave  his  personal  work.  This  in  itself  is  not  con- 
ducive to  good  results.  During  conversation  with  a  Commissioner  who 
has  spent  the  last  21  years  in  office,  he  said  that  in  his  opinion,  formed 
from  coming  in  oontiact  with  other  Commissioners,  if  the  remtmera- 
tion  were  better,  a  better  class  of  Commissioners  would  be  available. 
It  seems  probable  that  better  remuneration  and  more  painstaking 
Commisioners  would  bring  forth  better  results.  This  criticism  cannot 
be  applied  in  all  cases  by  any  means. 

Hard  Koads. — In  any  township  or  road  district  in  the  State,  a 
special  assessment  may  be  levied  on  all  taxable  property,  including 
railways,  for  the  purpose  of  constructing  permanent  roads.  This  may 
be  levied  up  to  $1  per  $100,  and  may  not  be  levied  to  exceed  five  years. 
The  petition  of  50  land  owners  asking  for  a  vote  on  this  levy  must 
state  the  location  and  route  of  the  road  or  roads  (not  to  exceed  two) 
and  the  rate  per  cent,  of  the  tax,  and  number  of  years  for  which  the 
tax  shall  be  levied.  This  tax  must  be  paid  in  cash  into  what  is  known 
as  the  Permanent  Eoad  Fimd.  The  Highway  Commissioners  may 
employ  a  competent  engineer  or  surveyor  to  make  plans,  specifications 
and  estimates  for  this  work.  The  work  is  divided  into  convenioit 
sections  and  each  section  numbered. 
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towisfihip  working  its  own  roads  after  ite  own  fashion.  There  is  a 
chance  for  considerable  improvement  in  this  direction,  especially  in 
townships  that  are  lax  in  their  ways. 

State  Aid. — At  the  legislative  session  of  1901,  considerable  in- 
fluence was  brought  to  bear  in  favor  of  State  aid  in  the  matter  of 
building  roads.  A  great  deal  of  work  was  done  before  the  session,  but 
the  bill  was  not  even  considered  upon  its  merits  in  the  committee.  It 
was  before  the  public  long  enough  for  the  people  to  become  familiar 
with  it  and  it  stirred  up  considerable  opposition  in  all  parts  of  the 
State,  especially  among  the  farmers.  In  the  northern  part  of  the 
State  the  opposition  was  caused  by  hard  roads  having  been  constructed 
without  State  aid,  and  the  people  in  that  section  tliought  it  unfair  to 
be  called  upon  to  help  build  roads  in  other  portions  of  the  State.  The 
central  portion  claimed  it  would  be  too  expeiisi\e  owing  to  there  being 
no  suitable  road  material  in  the  section  and  their  roads  were  in  as  good 
condition  as  was  necesaar}'.  The  southern  portion,  which  is  less 
wealthy  than  either  of  the  other  two,  claimed  that  they  could  not  build 
roads  at  any  price,  and  objected  to  aiding  other  parts  of  the  State. 
The  bill  was  smothered  and  the  fact  that  there  wes  no  bill  presented 
at  the  last  session,  coupled  with  the  present  condition  of  popular  feel- 
ing, signifies  that  there  is  little  hope  of  passing  such  a  bill.  The 
people  are  very  well  satisfied  with  their  present  conditions.  The  inter- 
ests which  promoted  the  former  bill  have  probably  seen  the  trend  of 
popular  opinion  and  will  wait  for  a  move  favorable  chance  to  pass  a 
bill  to  further  their  aims. 

The  writer  would  suggest  that  if  anything  is  to  be  done  by  legis- 
lative action  the  present  laws  might  be  carefully  and  judiciously 
studied  and  steps  taken  to  bring  uniformity  in  road  building,  especially 
in  sections.  Such  a  step  would,  probably,  not  meet  much  popular 
opposition  and  uniformity  in  road  building  would  in  time  be  appre- 
ciated by  all  using  the  road.  This  end  could  be  gained  and  best  prac- 
tice in  tiie  science  of  road  building  obtained  throughout  the  State  by 
centralization,  and  having  competent  road  builders  in  charge  over 
larger  areas  than  are  at  pre-sent  the  rule.  These  larger  areas  could  be 
subdivided,  but  all  work  should  be  done  under  the  direction  of  the 
Board  or  Engineer  of  Highways  of  the  larger  unit. 

Probably  benefits  might  come  from  having  all  local  boards  or 
engineers  under  the  direction  of  a  State  Board,  which  would  suit  the 
methods  of  the  conditions  found  in  the  various  portions  of  the  State. 

Another  way  in  which  the  State  might  be  served  by  its  legislatoTB 
would  be  by  their  rearranging  or  redrafting  the  present  road  laws, 
putting  them  into  such  shape  as  to  be  readily  intelligible,  and  elim- 
inating the  real  and  seeming  conflicts  found  in  them.  Sections  of  law 
relating  to  the  road  are  found  in  many  acts  which  have  no  direct  bear- 
ing on  the  road,  when  they  should  be  all  grouped  under  one  heading. 
A  revision  of  this  kind  would  be  greatly  appreciated  by  those  having 
to  do  with  the  execution  of  the  road  laws. 
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Mr.  Parker  :  I  did  not  investigate  as  to  any  States  where  there 
was  no  State  Aid  Law.  I  think  all  the  States  I  have  mentioned  had  a 
State  Aid  Law. 

Mr.  Webber:  In  Pennsylvania  the  counties  under  the  Flynn 
Good  Roads  Law  have  entire  charge  of  the  reads. 

Mr.  Paddock  :    Threughout  the  whole  of  the  State  ? 

Mr.  Webber  :    I  think  so. 

Mr.  Paddock:    They  have  not  township  subdivisions  as  we  have? 

Mr.  Webber  :  They  have  townships,  but  the  officers  of  the  town- 
ships do  not  have  the  same  power  as  here  in  Illinois. 
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REPORT  OF  THE  COMMITTEE  ON  R.ULWAYS. 

The  northern  part  of  the  State  seems  to  be  given  over  laigely  to 
electric  railways.  The  Roekford  &  Eelvidere  Ry.  and  the  ItockfoTd, 
Beloit  &  Janesville  Ry.  have  completed  their  second  year  of  operation 
and  are  doing  a  greater  businees  than  anticipated,  l^oth  are  operating 
express  can  and  this  branch  of  business  is  rapidly  increasing.  The 
Roekford  &  Froeport  Ry.  is  nearing  completion  and  the  Roekford  & 
Dixon  Ry.  seems  to  be  somewhat  nearer  a  realitj'  than  for  the  past 
few  years. 

The  matter  of  franchises  for  carrying  express  and  freight  through 
cities  seems  to  be  perplexing  alike  to  electric  railways  and  cities. 
Mnnidpal  corporations  usiially  desire  to  have  the  express  brought 
nearer  the  points  of  delivery,  which  the  electric  line  can  do,  but  these 
same  corporations  do  not  feel  safe  in  granting  franchises  for  such  pur- 
poses, fearing  the  "entering  wedge"  may  get  beyond  control.  This 
results  in  the  freight  being  carried  through  toleration  rather  than  by 
legal  permit. 

The  electric  lines  do  not  seem  to  be  old  enough  yet  to  profit  by 
experience  and  seemingly  have  an  idea  that,  not  being  steam  roads, 
they  cannot  accept  the  experience  of  these  roads  in  matters  of  con- 
struction. Many  suburban  lines  still  adhere  to  limited  right-of-way 
and  narrow;  roadways.  Some  of  them  are  now  reaping  their  reward. 
This  past  season  being  unusually  wet,  the  ballast  (usually  light)  has 
been  washed  away,  there  being  no  shoulders  on  the  embankments  to 
hold  it.  When  an  attempt  has  been  made  to  widen  the  bank  before 
ballast  has  been  put  on,  the  material  has  been  added  without  stepping 
the  slopes.  This  results  in  considerable  of  the  added  material  slipping 
down  the  slope  when  the  rains  have  penetrated  to  the  surface  between 
the  old  and  new  material. 

One  line  not  having  gravel  in  its  territory  for  ballast,  has  spent 
a  considerable  sum  in  hauling  cinders  for  the  purpose.  The  severe 
rains  have  made  havoc  with  this  material,  and  in  some  instances  the 
embankments  have  been  entirely  cleared  of  ballast. 

The  cost  of  grading  the  lines,  including  bridges,  averaged  about 
$2,500  per  mile.  The  cost  of  ballasting,  where  gravel  could  readily 
be  obtained,  was  about  $500  per  mile.  Where  gravel  could  not  be  had 
and  other  material  was  substituted,  the  cost  averaged  $800  to  $1,000 
per  mile.  The  narrow  banks  are  largely  responsible  for  the  exceeaivo 
cost  of  the  ballast.  The  cost  of  the  overhead  work  varied  from  $1,600 
to  $2,000  per  mile. 


Report  of  the  Committee  on  Railways. 


159 


The  average  pasBenger  traffic  for  one  line  of  about  40  miles  has 
been  for  the  past  year  2,061  per  day. 

The  accompanying  profile  represents  in  a  general  way  a  piece  of 
work  for  a  second  track  on  one  of  the  main  lines  out  of  Chicago.  The 
question  presented  is,  how  should  the  overhaul  be  calculated?  The 
material  was  taken  from  the  cut  as  shown.  Ordinarily  the  free-haul 
limits  would  be  calculated  from  each  end  of  the  cut  sepai-ately,  and  the 
over-haul  calculated  in  the  direction  in  which  it  was  hauled.  In 
this  case  the  work  was  done  with  a  steam  shovel  and  small  cars,  the 
track  for  the  cars  being  laid  along  the  toe  of  the  slope  in  the  cut.  The 
steam  shovel  began  at  the  right  and  worked  towards  the  left. 


Wlien  the  shovel  had  reached  the  point  indicated  by  the  vertical 
line  in  the  cut,  the  material  was  taken  to  the  left  and  placed  in  the 
fill  to  the  left  of  the  cut.  This  is  what  introduced  the  feature  not  often 
met  with  in  construction.  Should  the  overhaul  bo  calculated  as  the 
material  was  actually  moved  or  as  it  was  supposed  to  have  been  moved; 
that  is,  determine  the  free-haul  limit  from  the  left  end  of  the  cut  in 
both  cut  and  fill,  or  from  the  left  end  of  the  cut  for  the  fiir  limits  and 
from  the  vertical  line  in  the  cut,  for  the  free-haul  limit  for  the  cut. 
The  two  results  were  quite  different  in  the  above  case  and  it  shows  a 
poflsibility  in  some  instances  of  being  a  large  "bone  of  contention." 

CiiAS.  C.  Stowell,  Chairman. 

R.  C.  Vial, 

L.  P.  Atwood. 

Committee. 
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TIES  AND  TIE-RENEWALS  ON  THE  RIO  GRANDE,  SIERRA 

MADRE  &  PACIFIC  RY. 

BY  L.  P.  atwood:  (member). 

We  have  about  470,000  ties  in  the  main  line  under  light  traffic. 
To  date,  6J  years  after  construction,  we  have  only  renewed  2^i.  The 
balance,  however,  are  going  very  fast.  Dry  rot  begins  on  the  bottom 
and  creeps  upwards  till  the  good  part  breaks.  I  am  using  dating  nails 
and  placing  them  approximately  on  the  quarter  point  between  rails 
on  the  line  side. 

Ties,  in  all  cases,  are  of  sawed  long-leaf  yellow  pine  from  eastern 
Texas,  6x8  ins.,  8  ft.  long.  In  order  to  season  them  as  well  as  possible, 
I  pile  them  in  open  piles,  alternately  2  and  8,  and  cover  the  pile  with 
a  roof  layer  of  ties,  laid  closely  together,  elevating  the  front  ends  the 
width  of  one  tie.  The  soil  in  which  the  ties  rest  varies  from  all  sand 
or  all  clay  to  mixtures  of  the  two,  and  also  in  the  sandy  portions  the 
bank  is  covered  with  a  soft,  air-slacked  lime  formation  known  as 
"calidii."  I  believe  dry  rot  grows  faster  in  the  sandy  soils  containing 
some  clay,  next  in  the  sand  containing  the  lime,  and  least  in  the  clay 
soil.  I  am  not  at  all  sure  of  this  yet.  Am  using  every  effort  to  educate 
foremen  to  lay  ties  with  rings  of  growth  concave  to  ground  in  order 
to  retard  this  holding  moisture. 
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the  four  subways  were  provided  with  floors  of  creoeoted  planking,  on 
which  is  laid  a  bed  of  })alla<3t.  P'our  subways  were  grad^  and.  paved 
with  brick  on  a  concrete  foundation  and'  were  provided  with  concrete 
curb  and  cement  sidewalks;  one  of  them  (22nd  St.)  wbb  provided  with 
a  new  3-ft.  brick  s^'wer,  some  500  ft.  long.  Concrete  abutments  were 
constructed  in  two  of  the  siubw^ays.  Canal  St.  and  22nd  St.,  the  abut- 
ments for  the  other  subways  having  been  constructed  in  1902. 

Outside  of  tliis  the  only  important  confitruction  work  done  on  the 
Illinois  Division,  was  the  replacing  of  pile  bridges  with  arch  culverts, 
and  the  reiplacing  of  the  light  spans  of  the  Illinois  Biver  bridge  by 
heavy  spans,  including  tlic  new  draw.  There  was  no  new  construc- 
tion, no  grade  and  alinement  improvements  of  any  extent,  and  no 
double  tracking,  but  15  pile  bridges  were  replaced  with  either  masonry 
arches  or  girders  on  masonry. 

Baltimore  &  Ohio  Ry. — No  important  improvement  work  has 
been  done  in  this  State  during  the  year.  The  work  of  double  tracking, 
and  grade  and  alinement  improvements  were  completed  on  that  end 
of  the  system  about  two  years  ago,  and  the  road  is  now  taking  advan- 
tage of  the  improvements  made  at  that  time. 

Chicago  &  Eastern  Illinois  Uy.  (W.  S.  Dawley,  Chief  En- 
gineer.)— This  company  has  locaticd  two  cut-offs  to  form  a  part  of  tlio 
main  lino  Chicago  to  St.  l»uis,  which,  together  with  the  new  cut-oflfs 
being  built  by  the  Cleveland,  Cincinnati,  Chicago  &  St.  Jjouis  Ry.  for 
the  joint  use  of  these  two  companies  between  Hillsboro  and  Mitchell, 
will  give  a  St.  Ix>uis  line  2J)0  miles  in  length.  These  cut-offs  consist 
of  the  following  lines: 

Woodland,  Iro<|uois  County,  to  Villa  Grove,  Douglas  County,  G3J 
mile^i,  on  w4iich  the  maximum  grades  are  0.4^  northbound,  and  0.5V 
southbound ;  maximum  curvature,  2  at  junction  and  1  away  from  the 
junction;  the  total  curvature  outride  of  the  junction  is  16  21'.  On 
this  line  stneral  large  rulvt^T't.'i  and  ^^everal  concrete  abutments  have 
been  put  in.  The  only  hridc^o  of  any  considerable  length  is  a  515-ft 
steel  viaduct  crot^sing  the  niiddlo  fork  of  the  Big  Vermilion  River  and 
the  R^mtoul  Division  of  tlie  Illinois  Central  Rv. 

The  second  picxo  of  line  is  from  Findley,  Shelby  County,  to  Pana, 
Cliristian  County,  a  nistanrc  of  19.71  juiles :  the  grades  are  the  same 
as  on  tlie  other  division.  There  are  two  wooden  trestles  a  little  over 
200  ft.  in  length  placed  where  the  haul  of  concn^te  material  in  wagons 
would  bo  (it  was.  thought),  too  expensive.  Other  than  this,  small  con- 
crete archer  and  iron  pipes  form  tlie  waterways. 

Nothing  hasi  Ixx'U  done  in  the  way  of  improvement  of  grades  or 
alinement  in  the  State  of  Illinois;  neither  has  any  double  trackincr 
been  done  in  tlie  St4ite,  but  the  road  has  double  tracked  in  Indiana, 
rcnlucing  grade  of  0.5;^  northbound  to  0.35,^ 

Bridge  renewals  have  been  ratlier  limited,  owing  to  the  construc- 
tion of  these  lines^.  and  the  construction  of  new  shops  at  Danville. 
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Ilunois  Central  By.  (A.  S.  Bal9¥nn,  Engineer  of  Gonstruc- 
ticm.) — ^The  work  done  by  the  Construction  Department  of  this  oom- 

Siny  in  the  State  of  Illinois  daring  1903  has  bc^  confined  to  the  fol- 
wing: 

1st. — New  Lines. 

A.  Prom  Groves,  near  the  south  line  of  Perry  County,  to  Sand 
Eidge  in  Jackson  County,  a  distance  of  17.2  miles;  shortening  the 
present  route  via  Murphysboro  about  7  miles  and  giving  a  line  with 
grades  not  exceeding  0,5i. 

B.  From  Olive  Branch  in  Alexander  County,  to  Mounds  in 
Pulaski  County,  distance  10^  miles.  These  two  lines  in  connection 
with  running  rights  over  the  track  of  the  Chicago  &  Eastern  Tllinoifi 
By.  between  lliebes  and  Olive  Branch,  form  a  loop,  south  from  Pinck- 
neyville,  making  it  possible  to  relieve  the  main  tracks  from  Du  Quoin 
and  Carbondale  to  Mounds  and  substituting  a  line  with  grades  of  ?6 
ft.  per  mile  for  one  with  grades  of  46  ft.  per  mila 

0.  Christopher  &  Herrin  By.,  constructed  from  Christopher  in 
Franklin  Couniy,  south  5  miles  to  the  new  mining  town  of  Ziegler. 

D.  Prom  Beeseville,  in  Johnson  County,  east  17  miles  to  the 
Ohio  Biver  at  Golconda  in  Pope  County.  This  line  was  opened  early 
in  1903. 

2nd. — Grade  and  Alinement  Improvements. 

Between  Oilman  and  Clinton,  grades  have  been  reduced  from  a 
maximum  of  63  ft  per  mile  to  36  ft.,  involving  work  upon  13.5  miles 
of  line.  Between  Clinton  and  Springfield,  grade  reduction  was  b^un 
in  1902  and  completed  this  year,  involving  ^vork  upon  8.8  miles  of 
line  and  the  construction  of  2.3  miles  on  a  new  location.  This  new 
line  reduced  the  maximum  grade  of  5S  ft.  per  mile  on  the  original 
track,  to  26  ft.  per  mile  on  the  new.  Between  Belleville  and  Pinctaiey- 
ville,  a  distance  of  47  miles,  grade  reductions  are  under  way  and  will 
be  completed  on  22  miles,  reducing  the  present  maximum  of  40  ft.  per 
mile  to  26  ft. 

Illinois^  Iowa  &  Mi>fyF..soTA  By.  (I.  W.  Troxel,  Chief  En- 
gineer.)— This  is  a  new  line,  to  run  from  Moraencc  to  Bockford,  and 
eventually  to  Dubuque,  la.,  having  a  length  of  about  175  miles.  Of 
this,  120  miles  are  located,  25  miles  under  contract  (near  Aurora),  and 
15  miles  graded. 

Indiana,  Illinois  &  Iowa  Ey.  (E.  A.  Handy,  Chief  Engineer.) 
— There  was  no  new  construction,  grade  and  alinement  improvement, 
or  double  tracking.  About  700  lin.  ft.  of  wooden  bridges  were  renewed, 
and  846  ft.  rebuilt  over  the  Vermilion  Biver,  the  old  trestle  having 
been  blown  down  by  a  cyclone.  The  only  important  new  bridge  waa  a 
plate  girder  structure  of  53  6^  ft.,  built  over  the  river  at  Kankakee. 
This  has  eight  spans,  two  of  61  and  six  of  68  ft.  to  70  ft  The  bridge 
is  50  ft.  above  the  water. 
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ANNUAL  REPORT  OF  THE  EXECUTIVE  SECRETARY- 
TREASURER. 

For  the  Year  Ending  Dec.  31,  1903. 

To  the  President  and  Members  of  the  Illinois  Society  of  Engineers  and 
Surveyors. 

Gentlemen  :  I  have  pleasure  in  reporting  a  satisfactory  state  of 
affairs  as  to  finances  and  membership.  The  books  have  been  sub- 
mitted to  the  Executive  Committee,  and  a  summary  of  the  receipts 
and  expenditures  is  as  follows : 

Receipts — 

From  former  Secretary $  46.97 

Annual  dues 318.00 

Entrance    fees 21.00 

Sale  of  books 29.00 

Advertisements    438.28 

Total $862.26 

Expenses — 

Printing  and  distributing  Proceedings $314.97 

Printing  bill  heads,  circulars,  etc 92.30 

Secretary 150.00 

Stamps,  express  and  freight 77.70 

Stenographer,  Aurora  meeting 29.40 

Miscellaneous    35.20 

Total $699.57 

Balance  in  bank  Dec.  31,  1903 $152.68 

Balance  in  bank  Jan.  20,  1004 $206.34 

There  is  due  to  the  Societv  $J2  for  advertising,  and  $110  for  dues 
of  1903. 

During  the  year  ending  Deo.  31,  1903,  there  have  been  five  mem- 
bers lost  by  Resignation,  and  10  new  members  elected,  6  of  the  latter 
being  city  engineers.  This  gives  a  net  membership  of  118.  Of  these 
there  are  still  29  who  have  not  paid  their  dues  for  1003,  in  spite  of 
repeated  statements  of  their  accounts  and  personal  letters  being  written 
to  them.  Your  Secretary  would  call  attention  to  the  fact  that  annual 
dues  are  payable  in  advance,  and  as  tJie  Society  has  to  pay  its  way  as 
it  goes,  he  would  urge  upon  the  members  the  desirability  of  prompt 
payment.  The  names  of  the  new  members  and  members  resigned  are 
as  follows: 

NEW  MEMBERS. 

BuRDiCK,  C.  B Hartford  Building,  Chicago. 

Davison,  J.  A.,  City  Engineer Polo 

EWALD,  F.  G.,  Cons.  Engineer  to  Railway  Cornmi»sion Springfield 
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Oearhart,  O.  L.,  City  Engineer Champaign 

Hancock,  F.  L.,  City  Ehigineer Quincy 

Kemp,  J.  E.,  City  Engineer Kewanee 

Malcolm,  C.  W.,  Instructor  U.  of  111 Champaign 

Parkeb,  L.  G.,  Instructor*  U.  of  111 Champaign 

Pbout,  C.  a.,  City  Engineer Wheaton 

Sawyer,  D.  H.,  City  Engineer Pirii 

RESIGNATIONS. 

G.  A.  Brown,  H.  B.  Kirkpatrick,  L.  E.  Fischer,  Walter  Parmley,  W.  G. 
Potter. 

There  liave  been  1,500  copies  of  the  Proceedings  for  1903  printcil, 
and  copies  have  been  sent  to  even'  member  and  advertifier,  t^  the  fel- 
low Focieties  with  which  exchanges  have  been  arranged,  and  also  to  the 
following  libraries': 

American  Society  of  Civil  Engineers New  York,  N.  Y. 

Western  Society  of  Engineers Chicago,  111. 

American  Waterworks  Association Elmira,  N.  Y. 

U.  S.  Geological  Survey Washington.  D.  C. 

Railroad  Commission  of  Illinois Springfield,  111. 

Chicago  "Tribune"    Chicago,  HI. 

Illinois  State  Library SpringfiSd,  HL 

Chicago  Public  Library    Chicago,  111. 

New  York  Public  Library New  York,  N.  Y. 

John   Crerar   Library Chicago,  111. 

Library  of  Congress Washii^on,  D.  C. 

"        "  Universitv  of  Chicago ^icago,  IlL 

"      '   '  "     Illinois    Champaign.  111. 

Wisconsin    Madison.  Wis. 

**     "       "     Michijran  Ann  Arbor,  Mich. 

"  "  Purdue    X'nivcrsitv Lafayette,    Ind. 

"  Cornell  I'niversity Ithaca,  N.  Y. 

"  "  Wawhinpton  University St.  Louis,  ]A\ 

Tlie  societies  with  which  exchanges  were  arranged  were  as  follow?: 

Connecticut  Society  of  Civil  Engineers. 
Michigan    Engineering    Society. 
Indiana  Engineering  Society. 
Iowa  Engineering  Society. 
Engineering  Association  of  the  South. 
Memphis   Engineering   Society. 
Purdue   So<-iety  of  Civil   Engineers. 
"Technograph".  University  of  Illinois. 
"Technic".  University  of  Michigan. 
Association  of  Ontario  Land  Surveyors. 

There  ha.^  bo(*n  considerable  correspondence  maintained  during 
the  year,  and  letters  have  hw^n  sent  to  all  City  Engineere,  County  Sur- 
veyors and  Waterworks  Superintendents  of  Illinois,  inviting  them  to 
join  the  Society.  Witli  these  letters  were  sent  forms  of  application  for 
membershi])  and  blank  forms  for  names  and  addresses  to  be  used  in  the 
revision  of  the  Direc^tor}*  of  Engineers  and  Surveyors  which  is  pub- 
lished in  the  Proceedings. 
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from  the  collecting  main  to  be  delivered  direct  to  the  suction  well  if 
required.     (See  plan  on  page  38.) 

The  filtration  and  pumping  plants  are  contained  in  one  building, 
with  a  wing  for  the  boilers.  There  are  eight  filter  basins,  in  two  rows, 
separated  by  the  pipe  chamber.  The  basins  are  27x121  ft.  at  the  top 
and  8  ft.  deep,  but  at  the  level  of  the  sand  (4  ft.  below  the  top)  there 
is  a  12-in.  Ix^nch  reducing  the  size  to  25xl0|  ft.  On  this  bench  is  an 
iron  trough  into  which  the  water  from  the  coagulating  basins  is  de- 
livered, and  when  the  filters  are  cleaned  bv  a  reverse  flow  the  dirtv 
water  flows  from  the  filter  beds  into  these  troughs,  and  is  drawn  off 
by  drain  pipes  to  a  sewer  connection.  Each  filter  bed  consists  of  8 
in.  of  cnished  quartz  covered  by  about  4  ft.  of  finer  washed  silica  sand. 
The  normal  depth  of  water  over  the  sand  is  3  ft.,  and  the  discharge 
is  regulated  by  a  Weston  effluent  regulator.  At  the  bottom  of  the 
bed  is  the  bras?  manifold  for  drawing  off  the  filtered  water,  with  the 
pipes  for  washing  the  sand.  For  washing,  a  current  of  filtered  water 
is  forced  up  through  the  l)ed  by  a  Lawrence  centrifugal  pump,  and  at 
intervals  the  sand  is  agitated  by  jet5  of  air  at  3  lbs.  pressure.  The 
■concrete  for  the  filter,  coagulating  tanks,  sedimentation  tanks,  etc., 
is  composed  of  1  part  Owl  brand  Portland  cement,  2J  parts  sand, 
and  5  parts  crushed  limestone. 

The  coagulant  is  composed  of  solutions  of  lime  and  sulphate  of 
iron,  prepared  in  four  concrete  tanks  in  the  basement  of  the  filter 
house.  From  them  the  solutions  are  pumped  to  two  elevated  tanks, 
and  fed  by  gravity  to  tlie  main  which  enters  the  coagulating  basins, 
the  flow  of  the  ch(Miiieal  solution  Ix^ing  controlled  by  a  valve  with 
graduated  disk.  It  is  s])erified  tliat  the  cost  of  coagulant  required  to 
obtain  the  necessary  degree  of  purification  shall  not  exceed  $1.10  per 
million  gallons  with  water  of  average  turbidity  or  $1.65  with  water 
of  maximum  turbidity.  '^Fhe  water,  after  receiving  the  coagulant, 
flows  to  two  coagulating  or  sedimentation  basins  outside  the  building. 
These  are  concrete  tanks  sunk  in  the  ground,  and  covered  with  conical 
roofs.  Each  tank  is  35  ft.  diameter  and  20  ft.  deep  with  a  capacity 
of  125,000  gallons.  At  the  normal  rate  of  flow  this  allows  two  hours 
for  sedimentation  l>efore  the  water  passes  to  the  filters.  Water  flows 
directly  through  tlu^se  tanks  by  gravity  to  the  filters.  From  these,  it 
goes  to  the  clear-water  reservoir.  100  ft.  diameter,  with  a  capacity  of 
750,000  gallons. 

The  capacity  of  the  plant  is  6.000.000  gallons  per  day,  at  the  rate 
of  125,000,000  gallons.  The  four  beds  now  in  use  give  a  total  daily 
capacity  of  3,000,000  gallons.  The  plant  is  guaranteed  to  reduce  the 
bacteria  at  least  07  per  cent,  when  the  water  contains  over  3,300  bac- 
teria per  cu.  cm.;  but  when  the  raw  water  contains  less  than  this,  the 
filtered  water  must  not  contain  more  than  100  per  cu.  cm.  The 
filtered  water  must  show  no  acid  reaction,  no  trace  of  coagulant,  and 
no  increase  in  iron'or  alumina,  or  in  alkalinity. 
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required  for  burning,  a  temperature  of  about  2,000**  F.  being  main- 
tamed,  and  the  end  of  the  process  being  determined  by  measuring  the 
shrinkage  of  the  stack  of  brick  through  a  hole  in  the  top  of  the  kiln. 

After  the  brick  have  been  thoroughly  burned,  which  requires 
about  ten  days,  the  kiln  is  kept  at  a  temperature  of  about  1,800°  for 
five  days,  and  is  then  cooled  off.  The  heat  is  utilized  and  the  cooling 
hastened  by  drawing  cold  air  through  the  kiln,  the  air  thus  heated 
being  then  delivered  to  the  drying  room.  This  is  efEected  by  under- 
ground conduits,  with  connections  to  each  kiln,  and  the  air  current  is 
formed  by  a  320-in.  fan.  The  cooling  takes  about  seven  days,  making 
about  24  days  in  all,  including  the  filling  and  emptying  of  the  kiln. 
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LIST  OF  ENGINEERS  AND  SURVEYORS  OF  ILUNOIS. 

(Those  marked  with  a  star  [*]  are  members  of  the  Illinois  Society  of  En- 
gineers and  Surveyors.) 

Note. — In  order  that  this  list  may  be  made  complete  and  accurate,  mem- 
bers  and  others  are  requested  to  examine  it  and  to  send  any  additions  or  cor- 
rections to  the  Secretary. 

ALBION— Joel  Brown. 
ALHAMBRA— *F.  Oswald. 
ALTO  PASS— C.  C.  Freeman. 
ALTON— Geo.  Dickson. 

T.  M.  Long. 

T.  C.  Moorshead,  Chief  Eng.,  111. 
Term.  Ry. 

E.  E.  Rutledge. 

H.  C.  Swift. 
ANCHOR— C.  B.  Stewart,  U.  S.  Asst. 

Eng. 
ATLANTA— Thos.  Shore. 
AURORA— •H.  D.  Hallett. 

Robert  Horr. 

R.  Nichols,  C.  &  Min.  Eng. 

M.  G.  Stolp. 

M.  P.  Tarbell,  City  Eng. 

•T.  W.  Troicel,  Chief  Eng.,  I.  I.  & 
M.  Ry. 

♦F.  W.  Von  Oven. 

M.  H.  Wickhorst,  Eng.  Tests,  C. 
B.  A  Q.  Ry. 

Geo.  Wilder. 
BATAVIA— E.  K.  Meredith. 

♦T.  VV.  Snow. 
BEARDSTOWN— C.  V.  Brainard,  U. 
S.  Asst.  Eng. 

*C.  H.  Sexton. 
BELLEVILLE— T^uis    Graner,    City 
Eng. 

G.  F.  Hilgard. 

W.  A.  Reiss. 

A.  Rosanko. 

E.  S.  Slocumb,  A.  Enjr.,  I.  C.  Ry. 
BELLMONT— Chas.  Buchanan. 
BELVIDERE— •J.  R.  Jaffray. 

•W.  M.  Marean. 

M.  J.  Yaw. 
BEMENT— 'W.  J.  Day. 
BENTON— Philip  Lager,  Co.  Surv. 
BIGGSVILLE— H.    W.    Stewart,    Co. 

Surv. 
BLOOMINGTON— •A.  H.  Bell. 

J.  H.  Burnham. 

W.  P.  Butler. 

Wm.  Daves,  Sig.  Eng.,  C.  &  A.  Ry. 

M.  H.  Elkins.  Res.  Eng.,  C.  &  A. 
Ry. 

•Elmer  Folsom. 

C.  E.  Fuller,  Supt.  M.  P.,  C.  A  A. 


J.  H.  Leyonmark,  M.  Eng.,  C.  & 
A.  Ry. 

*J.  G.  Melluish. 

Ira  Merchant. 

G.  L.  Moore,  Eng.  M.  of  W.,  C. 
A.  Ry. 
BLUE  ISLAND— J.  Link. 

P.  R.  Fletcher. 
BRAIDWOOD— H.  E.  Boehn. 
CAIRO— Martin  Brown. 

H.  H.  Hadsall,  A.  Eng.,  I.  C.  R.  R. 

W.  M.  Johnson. 

J.  L.  Lancaster,  Res.  Eng.,  M.  k 
0.  Ry. 

Wm.  Thrupp. 
CANTON— Harrv  Bond. 

♦G.  W.  Chandler. 
CARBONDALE— C.   F.    Sherman,   A. 

Eng.,  I.  C.  R.  R. 
CARLINVILLE— Thomas  Bacon. 

F.  A.  Chapman. 
CARIA7.E— Alex.  Johnson. 
CARMI— M.  W.  Spencer. 
CARTHAGE— Goo.  W.  Page. 
CHAMPAIGN— F.  C.  Amsbary,  Man. 
Water  Co. 

*I.  O.  Baker,  Prof.  C.  E.,  U.  of  111. 

*0.  L.  Gearheart,  City   Engineer. 

*C.    W.   Malcolm,   Instruc,   U.   of 
111. 

*Jos.  O'Brien,  Co.  Surv. 

•L.  G.  Parker.  Instruc,  U.  of  111. 

J.  D.  Wallace,  Cons.  Mech.  Eng. 
CHARLESTON— Z.  Green. 

W.  E.  Millar. 
CHATSWORTH— D.  J.  Sanford. 
CHESTER— J.  T.  Douglas. 
CHICAGO— (See  Separate  list.) 
CHILLICOTHE— G.    E.    Rees,    Asst 

Eng.,  A.  T.  &  S.  F.  Rv 
CLINTON— David  Richardson. 
COLLINSVILLE— R.  L.  Kneedler. 
CRYSTAL  LAKE— J.  H.  Brink. 
DAKOTA— W.  H.  Butterfleld. 
DANVILLE— Alex.  Bowman. 

Charles  Cottingham,  Cons.  Eng. 

•H.  M.  Ely. 

F.  W.  Hawks,  A.  Eng.,  C.  &  E.  L 
Ry. 

R.  MacCalman,  A.  Eng.,  0.  &  E.  L 
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E.  H.  Crampton. 

W.  E.  Killen,  Supt.  M.  P.,  C.  P. 

&  St.  L.  Ry. 
L.  S.  Olmsted,  C.  E. 
J.  L.  Smetters. 
S.  B.  Stewart. 
JERSEY\^ILLE— Walter  Hansell. 
A.  W.  Newton. 
Edw.  B.  Shafer,  Cy.  Eng. 
JOLIET— P.  C.  H.  Arentz,  Jol.  B.  &  I. 

Co. 
•G.  W.  Brown. 
R.  B.  Campbell. 
A.  Comstock,  C.  E. 
L.  D.  Fisher,  M.  E. 
G.  H.  Jennings,  A.  Eng.,  E.  J.  & 

IE.  Ry. 
P.  W.  Knowles,  A.  Eng.,  E.  J.  & 

E.  Ry. 
W.  M.  McCartney,  A.  Eng.,  San. 

Dist. 
A.  Montzheimer,  Chief  Eng.,  E.  J. 

k  E.  Ry.  and  C.  L.  S.  &  E.  Rv. 
•R.  E.  Orr,  C.  E.  and  Surv. 
A.  H.  Sabin,  A.  Eng.,  E.  J.  ft  E. 

•H.  A.  Stevens. 
♦Noah  Whitley. 
KANKAKEE— ♦R.     D.     Gregg,     Cy. 
Eng. 

D.  Nolan,  I.  I.  &  I.  Ry. 

W.  R.  Sanborn,  T.  I.  &  I.  Ry. 

O.  P.  Smith,  E.  M.  of  W.,  I.  I .  & 
I.  Ry. 

W.  H.  Woodruff. 
KEWANEF/— J.  C.   Banister. 

•J.  E.  Kemp. 

•J.  C.  Quade. 
KILBOURNE— J.  E.  Barnes. 
KIRKWOOI>— M.  F.  Davidson. 
LACON— •G.  F.  Wightman. 
LA  GRANGE— W.  B.  Ewing. 
LA  HARPE— S.  A.  Stem. 
LA  SALLE— J.  H.  Dunbar,  M.  &  H. 
Z.  Co. 

J.  W.  Hegeler,  Chief  Eng.,  M.  & 
H.  Zinc  Co. 

P.  W.  Matthiegson,  M.  &  H.  Zinc 
Co. 

•A.  P.  Nichol. 

•C.  H.  Nicolet,  M.  &  H.  Zinc  Co. 

E.  J.  Noonan. 

C.  N.  Rickard,  City  Eng. 

•E.  H.  Whitaker. 
LAKE  CREEK— John  S.  Perrine,  Co. 

Surv. 
LAKE  FOREST— James  Anderson  Jr. 

Thomas  Byrne. 


LAWRENCEVJLLLE— H.  G.  Buehaaui 
LEAF  RIVER— >r.  B.  Bertdet 
LINCOLN— D.  L.  Braacher,  Co.  8ar. 

T.  S.  Davy. 

*L.  J.  Sims. 

•John  Zeter. 
LITCHFIELD— Wm.  Bates. 

A.  G.  Kleinbedc. 
LOW  POINT— •G.  M.  Clark. 
McNABB— 'John  McNabb. 
MACOMB— 'C.  Holmes. 

J.  F.  Shannon. 
MAGNOLIA— W.  J.  Hoscheidt,  CM. 

Eng.,  T.  M.  k  N.  Ry. 
MANSFIELD— 'R.  S.  Carberry. 
MANTENO— •J.  F.  Schmeltzer. 
MARSEILLES— Eben  J.  Ward. 
MARION— Lewis   Pulley. 
MARTINSVILLE— C.     S.     Hawkins, 
Co.  Surv. 

Fletcher  Lafferty,  Surv. 
MATTOON— W.     M.     Doane,     Supt. 
Cons.,  C.  C.  C.  ft  St  L  Ry. 

Claud  L.  James,  Drain.  Eng. 

•A.  C.  I^omis. 

W.  E.  Miller. 

L.  S.  Rose,  Eng.  M.  W.,  C.  C.  C. 
&  St.  L.  Ry. 

L.  S.  Stubbins,  Surv. 

*J.  Withington. 
MENDOTA— W.  F.  Whitmore. 
METROPOLIS  CITY— C.  A.  Geltner. 
MOLINE— C.  L.  Crabbs. 

*D.  Gordon. 

M.   A.   Gould. 

R.  W.  Jones. 

*H.  G.   Paddock,  City  Eng. 

O.  J.  Root. 
MOMENCE— ♦J.  L.  Clark. 
MONMOUTH— 'A.  W.  Gates. 

*Thomas  McClanahan. 

♦J.  E.  Miller. 
MORRIS— John  Burmeister. 
MOUND  CITY— J.  B.  Mathias. 

M.  N.  Clovers 
MOukTCARMEL— R.  A.  Bachanan. 

G".  C.  Harvey. 

R.  H.  Moore,  Eng.  M.  of  W.,  0. 
C.  C.  &  St.  L.  Ry. 
MOUNT  CARROLL— L.  8.  Thorp. 
MOUNT    PULASKI— J.    W.    Ewing, 

Surv.  and  Drain.  Eng. 
MOUNT  VERNON— Isaac  A.  Smith. 

W.  T.  Williams. 
MURPHYSBORO— R.  G.  Harris. 

W.  F.  Hughes. 

Geo.  Kennedy,  Jr. 

M.  M.  Wilcox,  111.  Cent.  Ry. 
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*D.  E.  Huggins.  VANDALIA — James  H.   Johnson, 

F.  T.  Rolph,  City  Eng.  VIOLA— Wm.  McLaughlin. 

TAYLOUVILLE— A.     B.    Alexander,  WARREXVILLE— C.  S.  Galusht. 
Cy.  Eng.  Geo.  Galusha. 

•J.  \V.  Dappert.  WALKEGAN— H.   L.   Bowen. 

J.  S.  Miehels,  Bge.  Eng.  C.  P.  Osterfeld. 

R.  M.  Powell.  WESTERN   SPRINGS— •R.  C.  VUL 
THEBES— W.    E.    Angier,    R.    Eng.,  Edgar  Williams. 

Thebes  Bge.  WEST  McHENRY— Geo.  Gage. 

Martin   Brown  t^,    ,       ^  WIIEATON-*G.  I.  Herridc 

J.  C   Hazlett   A.  Eng    Thebes  Bge.  ^.^^  ^         A.  K  A  C. 

H.     II.     Lotter,    A.    Eng.,    Thebes  p.    „  '  ' 

^^*  'C    A    Prout 

iY,<^.  .T.  Rhodin.  A   Knc.  Thol,*s  B<re.  ^  >    g^tye,;   g       Eng.,  C.  *  N. 

rOLI  C  A — M,  Fox.  Mm.  Eng.  w    "R          •  '      ^           fc  > 

W    J    Ho«oheidt.  Chief  Eng.  T.  M.  .^''■^\  ^ratman 

TREMONT— .Jof^iah   M.   Sawyer.  '''  ^-    ^  *"«"«• 

TUSCOLA— II.  r.  Niles.  WIXNETKA— C.  W.  Ck>maii. 
URBANA— L   P.   lireckenridge,   Prof  ^'-  ^'  Herdman,  Supt.  P.  Works. 

M.  E.,  U.  of  111.  !-•  ^f-  Johnson. 

Morgan  Brooks,  Prof.  El.  E.,  U.  of  *^-  -^-  Windes. 

111.  WOMAC— John    A.    Giles,    A.    Eng., 

♦G.  A.  Goodenough,  U.  of  111.  <^.  &  >»^  W.  Ry. 

♦C.  D.  McLane,  I',  of  111.  A.    S.    Rosing,   A.    Eng.,   C.   &  N. 

*N.   C.   Ricker,   Dean   of   Eng.,   U.  W.  Ry. 

of  111.  WOODSTOCK— R.  O.  Smith. 

J.  W.  Royer,  U.  of  111.  YORKVILLE— *0.   Dolph. 

•R.  H.  Slocum.  U.  of  111.  ZIEOLER— C.  C.  Whittier. 

•A.  N.  Talbot,  U.  of  111.  ZIOX  CITY— W.  J.  Atkinson,    Chief 
•L.  A.  Waterbury,  U.  of  111.  Eng.  Z.  Cy.  Land  Co. 
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H.  R.  Abbott Asst.  Eng.,  Met.  Elev.  Rv. 

W.  L.  Abbott Chief  Eng.,  Chicago  Edison  C^. 

Geo.  T.  Adams C.  E.  and  Surveyor,  7120  Princeton  Ave. 

A.  H.  Aldinger Supt.  of  Cons.,  Wells  Bros.,  Monadnock  Block 

H.  C.  Alexander 112  Clark  St. 

Andrews  Allen Wis.  Bge.  &  Iron  Co.,  Monadnock  Block 

H.  A.  Allen Allis-Chalmers  Co. 

*W.  H.  Allen East  Chicago  Co.,  401  La  Salle  Station 

Harold  Almert El.  Eng.,  1706  Dewey  Place 

•J.  W.  Alvord Consulting  Engineer,  127  Hartford  Bldg. 

G.  E.  Amory Eng.  for  Structural  Steel,  108  La  Salle  St 

C.  G.  Armstrong Mech.  Eng.,  Fisher  Bldg. 

W.  C.  Armstrong Bridge  Eng.,  C.  &  N.  W.  Ry. 

B.  J.  Arnold Arnold  Electric  Power  Station  Co. 

L.  C.  Arnold Mech.  Eng.,  934  Monadnock  Block 

S.  G.  Artingstall Cons.  Eng.,  13  So.  Hamilton  Ave. 

C.  M.  Avery Mech.  Eng.,  Chisholm,  Boyd  &  White 

A.  Von  Babo .Bridge  Dept.,  City  Hall 

F.  L.  Bacon Instructor,  Lewis  Institute 

F.  B.  Badt Elec.  Eng.,  Monadnock  Block 

F.  H.  Bainbridge Bridge  Dept.,  111.  Central  Rv. 

A.  G.  Baker Div.  Eng.,  C.  M.  &  St.  P.  Ry. 

A.  S.  Baldwin Eng.  of  Cons.,  111.  Central  Ry. 

John  P.  Ball R^.  Eng.,  C.  A  E.  IlL  Ry. 

W.  D.  Ball Cons.  Eng.,  Merchants  Loan  &  Trust  Bldg. 
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O.  (^hanutc Cons.  Eng.,  413  E.  Huron  St 

G.  A.  Chapman Cons.  Mech.  Eng.,  Marquette  Bldg 

H.  J.  Chilton Cons.  Mech.  Eng.,  15G3  Monadnock  Block 

G.  B.  CTiristie (Christie  &  Lowe)    171  La  Salle  St 

Durand  Churchill Cons.  Meoh.  Eng.,  l47  Wabash  Ave. 

F.  H.  Clark Supt.  M.  Power,  C,  B.  &  Q.  Ry. 

O.  L.  Clausen C.  E.  and  Surveyor,  164  La  Salle  St 

T.  W.  Clayton Asst.  En^.,  C.  k  A.  Ry. 

Geo.  Cole Asst.  Eng.,  Tllinois  Central  Ry. 

J.  A.  Cole Old  Colony  Bldg. 

J.  P.  Coleman Asst.  Eng.,  Illinois  Central  Ry. 

Emmons  Collins Mechanical  Engineer,  18  W.  Randolph  St. 

S.  C.  Colton Fitz-Simons  &  Connell  Co.,  Taeonia  Block 

T.  L.  C'nndron Cons.  Eng.,  Monadnock  Block 

E.  L.  Cooley Sanitary  District 

Lyman  E.  Cooley Consulting  Engineer,  21  Quincy  St 

H.  H.  Cosley North  Works,  Illinois  Steel  Co. 

Wm.  Cothroll Surveyor.  100  Washington  St 

W.  II.  C-otton Mechanical  Engineer,  316  Dearborn  St 

W.  L.  Cowles Holman  Tracklayer  Co.,  Hartford  Bldg. 

J.  B.  Cox Chief  Engineer,  Chicago  Junction  Ry. 

Albert  S.  Crane Prin.  Asst.  Eng.,  Sanitary  District 

H.  S.  Crocker A«»«*t.  Erect.  Man..  American  Bridge  Co. 

C.  M.  Cross Min.  Eng.,  153  La  Salle  St 

M.  J.  Cross Sanitary  District 

A.  B.  Crozier Supt.  of  Const.,  6106  Ellis  Ave. 

L.  G.  Curtis Div.  Eng.,  B.  A  O.  Ry. 

W.  W.  Curtis Cons.  Eng.,  204  Dearborn  St. 

G.  W.  Cushing Mechanical  Engineer,  138  Jackson  Boulevard 

O.  F.  Dalstron Schcrzcr  Rolling  Lift  Bridge  Co. 

G.  A.  Damon Man.  Eng..  Arnold  Electric  Power  Station  Co. 

W.  L.  Darling Chief  Eng.,  C,  R.  I.  &  P.  Ry. 

M.  S.  Darrow Asst.  Eng.,  Bge.  Dept,  C,  B.  k  Q.  Ry. 

John  C.  Dar5*t 760  Monadnock  Block 

C.  R.  Dart Bridge  Eng.,  Sanitary  District 

W.  E.  Dauchv Supt.  Heating  Dept.,  Erie  City  Iron  Works 

F.  H.  Davies*^. 88  Walton  Place 

F.  E.  Davidson North  Works,  111.  Steel  Co.,  50  Wabansia  Ave. 

G.  M.  Davidson Chemist  and  Eng.  of  Tests,  C.  &  X.  W.  Rv. 

Carl  E.  Davis 188  Madison  St 

W.  H.  Davisson Prin.  Asst.  Eng.  M.  of  Way,  C,  R.  I.  &  P.  Ry. 

W.  S.  Dawlcy Chief  Engineer,  C.  &  E.  111.  Ry. 

C.  J.  Delo Eng.  M.  of  Way,  C,  R.  I.  &  P.  Ry. 

M.  H.  Dey Div.  Eng.,  C,  R.  I.  A  P.  Ry. 

R.  N.  Dickman llJo  Rookery  Bldg. 

C.  T.  Dike Div.  Eng.,  C.  &  N.  W.  Ry. 

Horace  G.  Dimick Electrical  Engineer,  6836  Wabash  Ave. 

G.  E.  Dixon Mechanical  Engineer,  66  W.  Monroe  St. 

F.  P.  Dobson Consulting  Engineer,  P.  O.  Box  965 

J.  F.  Dornfeld Architect,  134  Van  Buren  St. 

Geo.  W.  Dorr 138  Washington  St 

C.  S.  Dow Inst,  in  Mech.  Eng.,  Armour  Institute. 

Charles  F.  Drake Min.  Eng.,  1120  Rookery  Bldg. 

Martin  Draths Surveyor.  132  Hudson  Ave. 

J.  J.  Duffy 138  Washington  St 

James  Dun (^hief  Engineer,  A.  T.  &  S.  F.  Ry. 

C.  Dunham Signal  Engineer,  Illinois  Central  Ry. 

W.  E.  Dunham Mechanical  Engineer,  C.  k  N.  W.  Ry. 
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0.  a  Hall EjDg.  of  TrMk  Etofmtioii,  O.  4  K.  W.  Bj. 

A.  A.  HanBon Klee.  Eng^  Nortliwwtoni  Btof.  ^. 

J.  J.  Harding Asat  Biig.»  Bridge  Dept,  C,  M.  ft  8t  P.  1^. 

F.  L.  Hartigan 4920  Washington  Am 

Jamea  K.  &teh Stmotoral  Eng.,  Samni  £  Lmdia 

F.  W.  Hawks Aaat.  Eng.,  C.  it  K.  HL  Bjf. 

F.  F.  Heok Eng.  of  Track  Elevation,  Ch.  Jiinetkm  1^. 

8.  H.  Hedges Waahhigtwn  Haigfati 

P.  L.  Hedrick C.  E.,  216  N.  Central  Ave.,  AnstiB 

B.  Jj.  Heidenreich Cons.  Eng.  for  Concrete  Sted  Wbrk,  Rookeiy  Bklg. 

E.  H.  Heilbronn ^ 607  Grand  Central  BtatifliL 

G.  A.  Heimbudier Surveyor,  203  DearlMm  8L 

R.  H.  Heine American  Bridge  Cb. 

Karl  Hellenthal American  Bridge  Co.,  120  Van  Burcn  8t 

F.  E.  Hermanns Joint  Track  Elev.,  646  W.  6Mli  8L 

John  W.  Herrington C.  E.,  92  LaSalle  8L 

C.  H.  Hettelsater D.  H.  Bumham  ft  Ool 

C.  D.  Hill Eng.  of  Bd.  of  Local  Impta.,  City  HalL 

F.  L.  Hill Hill  ft  Grant,  Marquette  Building. 

M.  D.  Hill lU.  Steel  Coi 

Geo.  F.  Hodkinson C.  E.,  1401  Monadnoek  Blo^ 

A.  R.  Holliday Asst.  Eng.,  Penni^lvania  Lhiti. 

H.  Jj.  Hollis Rookery  Bldg: 

Frank  Holmes Asst.  Eng.,  D.  H.  Bumham  ft  CSi 

1.  V.  H<dmes.  / Cons.  Mech.  Ehdg.,  1442  Addison  A?e. 

W.  L.  Hope Div.  Eng.,  C,  R.  I.  ft  P.  By. 

J.  C.  Hopkins Cons.  Eng.,  288  Ldand  Ava 

Geo.  T.  Horton Chicago  Bridge  ft  Ircm  Wofka 

H.  E.  Horton Chicago  Bridge  ft  Iron  Works. 

C.  W.  Hotchkiss Cons.  Ens.,  LaSalle  StatioD. 

W.  D.  Hotchkiss Asst.  Eng.,  Bd.  of  Local  Impts.,  City  Hall. 

•S.  N.  Howard Surveyor,  Opera  House  Blodt 

W.  M.  Hughes Bridge  Eng.,  LaSalle  Station. 

Julian  S.  Hull Eng.  of  Const.,  MacArthur  Broa.  Co. 

R.  W.  Hunt Cons.  Eng.,  Rookery  Building. 

L.  L.  Hunter C.  E.,  591  43rd  St 

C.  H.  Hurd Mech.  Eng.,  Armour  ft  Co. 

Watson  Hurlburt 803  Monadnoek  Block. 

W.  A.  Illsley 326  Reaper  Block. 

Geo.  W.  Jackson Eng.  and  Gen.  Man.,  Illinois  Tunnel  Co. 

Lewis  6.  Jackson Mech.  Eng..  138  Washington  St 

S.  L.  Jacobson C.  E.,  144  Warren  Ave. 

E.  S.  Jenison Hydraulic  Eng.,  4356  Ellia  Ave, 

J.  L.  Johnson Surveyor,  90  LaSalle  St 

Thomas  T.  Johnston Hydraulic  Eng.,  Security  BuUdil^. 

H.  C.  Jones * Mech.  Eng.,  Inland  Steel  Ctk 

E.  L.  Jones Koebling  Const.  Co.,  Tribune  Bldg. 

•W.  D.  Jones Surveyor,  127  Hartford  Mig. 

J.  Jordan Asst.  Eng.,  C,  B.  ft  Q.  By. 

Whl  J.  Earner (with  Ralph  Modjoski)  1742  Monadnoek  Blk. 

W.  T.  Keating Supt.  of  Const.,  Lorimer  &  Gallagher  Const  Co. 

C.  L.  Keller Scherzer  Rolling  Lift  Bridge  Co, 

F.  P.  Kellogg 2449  Indiana  Ava. 

E.  J.  Kemp C.  E.,  1032  Monadnoek  Block. 

A.  S.  Kent Asst  Eng.,  C,  I.  ft  L.  By. 

Robert  Kerr Asst  Eng.,  111.  Central  Ry. 

Ftank  C.  KetUer North  Works,  Illinola  Steel  Cd. 

C.  S.  Knapp Mech.  Eng.,  Pullman  Qir  Gou 
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Louis  Mohr Mech.  Eng.,  32  Ulinoia  8L 

W.  S.  Monroe Mech.  Eng.,  Sargent  &  Lundy,  46  Van  Bnren  SL 

J.  T.  Montgomery Roebling  Const.  Co.,  Tribune  BWg. 

E.  L.  Moore Contracting  Engineer,  Monon  BUg. 

L.  T.  Moore Consulting  Enginer,  111.  Central  I^. 

W.  MoravR Morava  Const.  Co.,  ICarquette  BM^ 

L.  P.  Morehouse Cust.  of  Deeds,  lU.  Central  1^. 

A.  M.  Morgan Hyd.  and  San.  Eng..  Royal  Insurance  Bldg. 

Geo.  C.  Morgan H}xl.  Eng.,  100  Jackson  BoulevaiC 

Jacob  Morris Surveyor,  189  La  Salle  SL 

John  C.  Morrison C.  E.,  140  Dearborn  St 

E.  L.  Morse Chf.  Eng.,  C.  ft  A.  By. 

A.  W.  Moseley Prof,  of  App.  Mech.,  Lewis  Institute. 

A.  D.  Mott Bitter  &  Mott,  Marquette  BIdg. 

Hugo  Mueller 204  Dearborn  St 

W.  D.  Murphy 193  54th  St 

Edward  Murray Asst.  Eng.,  C,  M.  ft  St  P.  By. 

N.  Neff Eng.  M.  of  Way,  PennsylTania  Linei. 

T.  O.  Neikerk Rogers'  Ballast  Car  Co.,  Fisher  Bl^. 

T.  G.  Neuffer Asst.  Supt  Mach.,  111.  Central  By. 

C.  M.  T.  Neville American  Bridge  Oo. 

John  Nichol MaoRitchie  ft  Nichol,  27  Qnincj  St 

Geo.  P.  Nichols ' Mech.  Eng.,  927  Monadnock  Block. 

L  A.  Nichols Chf.  Eng.  111.  Valley  Traction  Co.,  225  Dearborn  St. 

S.  F.  Nichols Geo.  P.  Nichols  ft  Bro„  927  Monadnodk  BloA. 

•Fred  Norlin Surveyor,  Opera  House  Blodc 

W.  H.  North Stnic.  Eng.,  4647  Prairie  Atb. 

G.  H.  Nott 204  Dearborn  St 

John  O'Gara Engineer  for  Dolese  ft  Sliepard. 

•H.  I.  Orwig C.  ft  N.  W.  Ry.,  20  Fifth  Ave. 

Otto  E.  Osthoflf El.  and  Mech.  Eng.,  N.  Y.  Life  Bldg. 

A.  D.  Page Bridge  Eng.,  C,  R.  T.  ft  P.  Ry. 

Alex.  Page Surveyor,  171  La  Salle  St 

John  W.  Page Page  ft  Shnable.  Security  Building. 

F.  E.  Paradis Chf.  Eng..  Chicago  Terminal  Transfer  By. 

Frank  Pavlicek Surveyor.  97  Clark  St 

H.  W.  Parkhurst Eng.  Bridfres  and  Bldgs.,  III.  Central  Ry. 

J.  A.  Peabody Signal  Eng.,  C.  ft  N.  W.  1^. 

J.  P.  H.  Perry Bridge  Dept.,  C,  B.  ft  Q.  By. 

Wharton  Plainer Su^^^evor,  100  Washington  St 

W.  C.  Potter Min.  Eng.,  1120  Rookery  Bldg. 

N.  D.  Pound Pound  Const.  Co.,  Metropolitan  Bldg. 

A.  V.  Powell Cons.  Civ.  Eng.,  Chamber  of  Commerce. 

W.  H.  Pratt Gen.  Supt.,  N.  Works,  111.  Steel  Co. 

♦J.  T.  Price C.  &  N.  W.  Ry.,  22  Fifth  Ave. 

J.  H.  Prior Bridge  Insp.,  1742  Monadnock  Block. 

M.  W.  Priseler I ngersoll- Sergeant  Co.,  Old  Colony  Building. 

Robert  Quayle Supt.  M.  Power,  C.  ft  N.  V\ .  Ry. 

F.  E.  Rainier 1510  Old  Colony  Bldg. 

Theodore  Rail 1744  Monadnock  Block. 

Isham  Randolph Chf.  Eng.,  Sanitary  District 

R.  I.  Randolph Sanitary  District 

W.  McC.  Rapalje 218  La  Salle  St 

W.  Raslin E.  C.  &  R.  M   Shankland,  Rookery  Bldg. 

E.  O.  Reeder Asst.  Chf.  Eing.,  C,  M.  ft  St.  P.  Ry. 

Wm.  T.  Reeves Bridge  Dept.,  R.  W.  Hunt  ft  Co. 

A.  F.  Reichmann Res.  Eng.,  American  Bridge  'Oo. 

E.  J.  Relph Sig.  Eng.,  C,  R."  I.  ft  P.  Ry. 
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W.  A.  Sha^ Asst.  Eng.,  Sewer  Dept,  City  HaU. 

Warren  E.  Sheets Monadnock  Block. 

C.  W.  Shepherd N.  Works,  lU.  Steel  Co. 

C.  K.  Sherman Ckmi.  Eng.,  Bisher  Bldg. 

*L.  K.  Sherman Eng.  for  Concrete-Steel,  1106  Leland  Art. 

*W.  S.  Shields Civil  and  San.  Eng.,  Marquette  Bl^g. 

Charles  E.  Shillaber Civ.  Eng.,  6124  Washington  Aye. 

M.  E.  Shire Chf.  Eng.,  Chicago  Union  Transfer  Ry. 

E.  K.  Shnahle Page  A  Shnable,  Security  Bldg. 

O.  C.  Simonds Landscape  l&ng,,  Buena  Ave. 

Alfred  Slade Illinois  Tunnel  Co. 

David  Sloan Eng.  of  Const.,  MacArthur  Bros.  Co.,  Fisher  Bldg. 

C.  C.  Small Min.  Eng.,  4590  Oakenwald  Ave. 

V.  I.  Smart Signal  Dept.,  111.  Central  By. 

Edgar  M.  Smith Eng.,  Railway  Appliance  Co.,  Old  Colony  Bldg. 

Edwin  Smith 3147  Vernon  Ave 

R.  C.  Smith E.  C.  &  R.  M.  Shankland,  Rookery  Bldg. 

W.  P.  Smith Consulting  Engineer. 

Wm.  Sooy  Smith Consulting  Eng.,  Monadnock  Blodk. 

•T.  W.  Snow Manager,  Otto  Gas  Engine  Works,  360  Dearborn  St 

Ellis  C.  Soper .Civil  Eng.,  159  La  Salle  St 

A.  Sorge Mech.  Eng.,  Monadnock  Blods. 

C.  E.  Spaak Chf.  Eng.,  Indiana  Natural  Gas  Co. 

J.  H.  Spengler Asst.  City  Eng.,  City  Hall. 

V.  K.  Spicer Union  Switch  &>  Signal  Co.,  Monacbiock  Blodc 

John  G.  Spielman Chf.  Draftsman,  N.  Works,  111.  Steel  Co. 

G.  B.  Springer Qvil  Eng.,  Chicago  Edison  Ca 

H.  P.  Stannard C.  A  N.  W.  Ry. 

W.  H.  Starr Asst.  Chf.  Eng.,  C.  &  A.  Ry. 

R.  B.  Steams Chf.  Eng.  Northwestern  Elec.  Ry. 

W.  L.  Stebbings Civ.  Enjf.  and  Architect,  Monadnock  Block. 

A.  K.  Stein ^ 1342  No.  Western  Ave. 

E.  T.  Steinbeck Asst.  Eng.,  111.  Central  Ry. 

L.  V.  Steinberg 63  Market  St 
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Bremer,  H.  H.,  Civil  Eng.  &  Surveyor,  Room  1007, 100  Washington  St.,  Chicago 
Bullard,  Samuel  A.,  Architect  &  Sanitary  Engineer,  208  6th  St.,  Springfield 

Burdick,  Charles  B.,  Civil  Engineer 1207  Hartford  Building,  Chicago 

BusHNELL,  Web.   P.,  Chief  Engineer,  Sny  Id.  Levee  Drainage  District, 

933  N.  11th  St,  Quincy 

Byrne,  Thomas  S.,  Contractor 308  Janssen  Ave.,  Chicago 

Canman,  Harry  L.,  Surveyor 4513  Indiana  Ave.,  Chicago 

Carpenter,   Renzo   A.,    Engineer   and    Commissioner   of   Public   Works 

Municipal   Building,   Oak   Park 

Chandler,  Geo.  W.,  City  Engineer,  and  Gen.  Man.  111.  Cen.  El.  Ry.,  Canton 
Chase,  Charles  P.,  City  Engineer,  and  President  and  Manager  of  the 

Iowa  Engineering  Co Clinton,  Iowa 

Chipman,  Paul,  Assistant  Engineer,  Perc  Marquette  Ry 

222  Fort  St.  Station,  Detroit,  Mich. 

Clark,  G.  M.,  Drainage  Engineer,  Woodford  County Low  Point 

Clark,  Joseph  L.,  Surveyor  and  Civil  Engineer Momencc 

CoNDRON,  T.  L.,  Consulting  Bridge  Engineer,  1750  Monadnock  Block,  Chicago 

Connolly,  Frank  M.,  City  Engineer 940  So.  West  St,  Galesburg 

Crowley,  John  W.,  President,  People's  Construction  Co ...  Davenport,  Iowa 
Dappert,  James  W.,  Civil  Engineer  and  Co.  Surv.  .Lock  Box  141,  Taylorville 

Davison,  J.  A.,  City  Engineer Polo 

Day,  Wm.  J.,  County  Surveyor Bement 

DowELL,  Will,  Civ.  Eng.  and  Co.  Surveyor Coffeyburg,  Mo. 

Dubuis,  O.  F.,  Landscape  Engineer 1703  No.  Jefferson  St,  Peoria 

Dunn,  Charles  H.,  Civil  Engineer  and  County  Surveyor,  Court  House,  Peoria 
Elliott,  C  G.,  Expert  in  Drainage,  Office  of  Experiment  Stations, 

U.  S.  Department  of  Agriculture,  Washington,  D.  C 

Ely,  Howard  M.,  Resident  Engineer,  Danville  Water  Co Danville 

Emerson,  Harry  L.,  Surveyor  and  Civil  Engineer 

1311  Chamber  of  Commerce  Building,  Chicago 

Enos,  Allen,  Civil  Engineer Springfield 

Enos,  Z.  a.,  Civil  Engineer -. Springfield 
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Mendius,  Carl,  Surveyor 1102  Schiller  Building  Chicago 

Miller,  Mortimer  R.,  Supt.  Public  Works  and  Civil  Engineer 

109  Washington  St.,  Waukegan 

Miller,  Sidney  W.,  Proprietor  Pacific  Flush  Tank  Co 

84  LaSalle  St.,  Chicago 

MoNSARRAT,  N.  D.,  Chief  Eng.,  Sunday  Creek  Coal  Co 

432   E.   Broad   St,  Columbus,  O. 

Moore,  Jos.  A.,  Civil  Engineer 475  E  48th  St.,  Chicago 

McAuley,  John  B.,  Engineer  |nd  Contractor Galesburg 

McClanahan,  Thomas  S.,  City  Engineer  and  County  Surveyor.  .Monmouth 

McLane,  Cyrus  D McManus  Bldg.,  Davenport,  Iowa 

McNabb,  John  M.,  Surveyor  and  Drainage  Engineer,  Farmers'  Bank,  McNabb 

Nelson,  Alvin  E,  Landscg^pe  Architect 941  Marquette  Bldg.,  Chicago 

NiCHOL,  A.  F.,  Civil  Engineer Marseilles 

NicoLET,  Charles  H.,  Engineer  of  Structures  and  Repairs,  Mathiessen  & 

Hegeler  Zinc  Co LaSalle 

NoRLiN,  Fred,  Surveyor 711  Chicago  Opera  House  Block,  Chicago 

O'Brien,  Joseph,  County  Surveyor Champaign 

Orr,  Robert  E,  Civil  Engineer,  (105  Second  Ave.).  309  Barber  Bldg.,  Joliet 

Orwig,  H.  I.  Land  Dept.,  C.  &  N.  W.  Ry 20  Fifth  Ave.,  Chicago 

Oswald,  Fridolin,  Architect Alhambra 

Paddock,  Henry  G.,  City  Engineer Moline 

Parker,  Lawrence   G.,    Instructor   in    Civil    Engineering,   University   of 

Illinois 705  Sixth  St.,  Champaign 

Parr,  James  F.,  Civil  Engineer  and  Surveyor 

500  Metropolitan  Building,  East  St  Louis 

Price,  J.  T.,  Land  Dept.,  C.  &  N.  W.  Ry Chicago 

Prout,  Charles  A.,  City  Engineer Wheaton 

Purington,  D.  V 4800  Kenwood  Ave.,  Chicago 

QuADE,  John  C,  Secy,  and  Civil  Engineer,  Big  Creek  Coal  Co St  David 

QuiLTY,  T.  Frank,  Engineering  Contractor 6  Wabash  Ave.,  Chicago 

Ricker,  N.  Clifford,  Dean  of  the  College  of  Engineering,  University  of 

Illinois   Urbana 

Roberts,  Charles  N.,  Surveyor  and  Civil  Engineer,  709  Reaper  Block,  Chicago 

Roberts,  Vertus  B..  Civil  Engineer 107  Washington  St.,  Chicago 

RossiTER,  F.  C 1004  Van  Buren  St.,  Chicago 

Rudolph,  Emil,  Surveyor Room  408,  112  Clark  St.,  Chicago 

Sabin,  Jay  H.,  Asst.  Eng..  E.  J.  &  E.  Ry 105  Buell  Ave.,  Joliet 

Sawyer,  D.  H.,  Eng.  M.  of  Way,  Illinois  Traction  System Springfield 

Sawyer,  George  L.,  Asst.  City  Engineer , Boise  City,  Idaho 

Schmeltzer.   J.    Foster,   Engineer Manteno 

ScHRADER,  A.  C  Chief  Engineer.  West  Park  Board Chicago 

Seafert,  Wm.,  ''Cement  Engineering" 164  LaSalle  St.,  Chicago 

Seelig,  Edward  F.,  Instruments 124  So.  Clark  St,  Chicago 

Shaw,  Walter  A.,  Asst.  Eng.,  Intercepting  Sewer  System 

941    Farwell   Ave.,   Chicago 

Shepardson,  J.  E.,  Structural  Engineer 80  Willow  St.,  Brooklyn,  N.  Y. 

Sherman,  Leroy  K..  Civil  Engineer ()128  Lexington  Ave.,  Chicago 

Shields,  W.  S.,  Civil  iMigincer 1715  Marquette  Bldg.,  Chicago 

Sidelinger,  George  B.,  Superintendent  of  Water  Works Danville 

Sims,  Lewis  J.,  Drainage  Engineer  and  Surveyor,  (»27  Lincoln  Ave.,  Lincoln 
Slocum,  Roy  H.,  Instructor  in  Theoretical  and  Applied  Mechanics,  Uni- 
versity of  Illinois 92G  W.  Illinois  St ,  Urbana 

Snow,  T.  W.,  Manager,  The  Otto  Gas  Engine  Works 

360  Dearborn  St.,  Chicago 

Stevens,  Hubert  A.,  City  Engineer 104  Burttison  St.,  Joliet 

Stewart,  John  T.,  Drainage  Engineer  (U.  S.  Dept.  of  Agriculture).  .Paxton 

Stowell,  Charles  C,  Civil  Engineer 328  N.  Fourth  St,  Rockford 

Talbot,  Arthur  N.,  Professor  of  Municipal  and  Sanitary  Engineering. 

University  of  Illinois Urbana 
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NOTICES 


ANNUAL  MEETING.  1906 

The  Twenty-first  Annual  Meeting  will  be  held  at  Fockford, 
UUnoist  on  January  17,  1 8  and  19,  1906. 

A  meeting  of  the  Executive  Committee  will  be  held  in  Octo- 
ber to  make  the  preliminary  arrangements. 


COMMITTEES 

The  Committees  are  listed  on  Page  3,  and  cards  have  been 
sent  out  giving  the  names  of  the  members  of  the  several  commit- 
tees. The  members  of  each  committee  are  asked  to  meet  or 
correspond  with  each  other  in  regard  to  their  plans  of  work,  and 
also'to  assist  in  the  preparation  of  the  reports. 

Individual  papers  will  be  welcome,  and  members  are  invited  to 
prepare  papers  and  so  share  in  the  work. 

Papers  and  reports  should  be  in  the  hands  of  the  Secretary  by 
December  31,  to  give  time  for  arranging  the  program. 


MEMBERSHIP 

Members  are  urged  to  interest  their  friends  in  the  Society  and 
invite  them  to  become  members.  Applications  for  membership 
may  be  made  to  the  Secretary  at  any  time. 

Members  receive  the  Proceedings  of  this  Society  and  also  of 
some  eight  or  ten  other  societies  of  engineers  and  surveyors. 

Entrance  fee   (to  be  sent  with  application),  $3.00 
Annual  dues,  first  year,  .         .         -  2.00 

Annual  dues,  each  year  after,  -         -  4.00 


ADVERTISEMENTS 

A  large  and  varied  list  of  Advertisements  accompanies  this 
Report,  and  members  are  asked  to  look  these  over,  as  being  in- 
teresting and  instructive  as  well  as  commercially  useful. 

Members  are  requested  also  to  write  these  advertisers  when 
wanting  prices,  materials  or  information.  (See  the  *' Classified 
List  of  Advertisements.") 

When  writing  to  them  please  mention  that  you  have  seen 
their  advertisements  in  the  Report  of  the  Illinois  Society  of 
Engineers  and  Surveyors. 
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Schrader.  This  was  followed  by  one  on  "Street  Paving  at  Quincy,  111./' 
by  Mr.  F.  L.  Hancock ;  it  was  read  by  tlie  Secretary  in  the  absence  of 
the  author.  The  Secretary  then  gave  a  short  description  of  the 
Chicago  telephone  tunnel  system  and  the  freight  transportation  system 
which  is  to  be  operated  in  connection  with  it.  At  the  close  of  his 
remarks  the  meeting  adjourned,  and  the  members  proceeded  to  the 
offices  of  the  Illinois  Telephone  Construction  Co.,  and  descended  to 
the  tunnel,  where  special  trains  were  in  waiting,  provided  by  the 
courtesy  of  Mr.  Geo.  W.  Jackson,  Chief  Engineer  and  General  Mana- 
ger. The  central  exchange  of  the  company's  automatic  telephone 
exchange  system  was  also  visited.  Some  notes  of  the  trip  are  given 
elsewhere. 

Januauy   19.     Morning   Session. 

The  third  session  was  called  to  order  by  the  President  at  9:30 
A.  M.  He  announced  the  appointineut  of  the  Committee  on  Legis- 
lation as  follows:  Prof.  A.  X.  Talbot,  to  represent  the  subject  of 
good  roads;  Mr.  J.  G.  Melluish,  to  represent  that  of  the  geological 
survey;  and  Mr.  W.  M.  Hay,  to  represent  that  of  the  licensing  of 
surveyors.  On  motion  of  Mr.  S.  S.  Greeley,  it  was  voted  that  each 
sub-committee  of  one  should  have  power  to  increase  its  number  to 
three.  On  motion  of  Mr.  E.  Main,  it  was  voted  to  add  to  the  com- 
mittee Mr.  W.  S.  Shields,  to  represent  the  subject  of  special  assess- 
ments, with  power  to  appoint  two  other  members  of  his  sub-committee. 

On  motion  of  Mr.  Jacob  A.  Harman,  it  was  voted  that  a  Nomi- 
nating Committee  should  be  appointed,  and  the  President  appointed 
Mr.  H.  G.  Paddock,  of  Moline;  Mr.  W.  S.  Shields,  of  Chicago;  and 
Mr.  J.  A.  Harman,  of  Peoria.  Mr.  J.  A.  Harman  also  moved  that  a 
committee  be  appointed  to  consider  the  advisability  of  holding  two 
additional  meetings  in  May  and  September.  There  was  some  objection 
to  this,  but  the  motion  was  carried,  and  the  President  appointed  Mr. 
C.  H.  Nicolet,  Mr.  F.  A.  Windes,  Mr.  S.  S.  Greeley,  Mr.  W.  M.  Hay, 
and  Mr.  J.  A.  Harman. 

The  rest  of  this  session  was  devoted  specially  to  the  subject  of 
surveying.  Mr.  S.  Greeley  first  gave  an  address  on  "The  History  of 
Surveving  in  Chicago,"  which  was  followed  by  one  on  "Modem  City 
Surveying  in  Chicago,''  by  Mr.  S.  X.  Howard,  being  read  by  the  Secre- 
tary in  the  absence  of  the  author.  Otlier  papers  were  read  as  follows: 
"Establisliing  Bench  Marks  in  Chicago,''  by  Mr.  S.  H.  Hedges;  "Judi- 
cial Elements  of  Surveying,"  by  Mr.  W.  D.  Jones;  and  '^Instruction  in 
Surveying  at  the  University  of  Illinois,"  by  Mr.  L.  A.  Waterbury. 
This  last  was  illustrated  by  specimens  of  map  work  done  by  the 
students.  A  paper  by  Mr.  H.  H.  Bremer  on  "The  Land  Surveyor," 
was  also  read  bv  Mr.  Watcrl)urv.  In  order  to  leave  time  for  dis- 
cussion,  three  other  papers  were  read  by  title:  "Land  Surveying  in 
TsTorthern  Missouri,"  by  Mr.  W.  Dowell ;  "City  Surveying,'^  by  Mr. 
C.  C.  Stowell,  and  "Office  Methods  of  Railway  Surveying,"  by  Mr. 
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For  the  place  of  meeting  in  1906,  three  nominations  were  made, 
Rockford,  Peoria  and  Monmouth;  the  two  latter  were  afterwards 
withdrawn,  and  Rockford  was  selected  by  a  unanimous  vote. 

On  motion  of  Mr.  H.  G.  Paddock,  it  was  voted  that  the  Society  re- 
quest the  Trustees  to  hold  a  meeting  at  least  ninety  days  before  the  an- 
nual meeting,  to  assist  in  preparing  the  program,  inviting  persons  to 
prepare  papers,  etc.  The  committee  appointed  to  consider  the  advis- 
ability of  holding  more  than  one  meeting  each  year  reported  that  four 
members  of  the  committee  thought  that  such  action  would  be  inad- 
visable, but  Mr.  J.  A.  Harman  said  that  while  concurring  in  the 
report,  his  own  opinion  still  was  that  the  Society  should  seriously 
consider  the  matter.    The  report  was  adopted. 

The  Secretary  read  a  communication  from  Mr.  George  F.  Wight- 
man,  one  of  the  older  members  of  the  Society,  expressing  a  wish  to 
retire  on  account  of  age  and  retirement  from  business.  Mr.  J.  A. 
Harman  moved  that  Mr.  Wightman  be  elected  an  honorary  member, 
and  this  was  carried  by  a  rising  vote. 

The  meeting  then  adjourned. 

January  20.    Morning  Session. 

The  meeting  was  called  to  order  by  the  President  at  9 :45  a.  m. 
Mr.  D.  H.  Maury  read  a  paper  on  "The  New  Well  and  Hydraulic 
Pumping  Plant  at  Peoria,  111.,"  and  Mr.  W.  B.  Ewing  followed  with 
one  on  "The  Sewerage  and  Drainage  of  Wheaton,  111."  Mr.  W.  S. 
Shields  presented  tlie  report  of  the  Committee  on  Sewers,  and  Mr. 
I).  H.  Maury  presented  that  of  the  Committee  on  Water  Works.  The 
President  appointed  Mr.  D.  H.  Maury  and  Mr.  A.  L.  Waterbury  as  a 
Committee  on  Resolutions. 

January  20.     Aftehxoon  Session. 

The  meeting  was  called  to  order  by  the  President  at  2  p.  m.  A 
paper  on  "The  Sheridan  Road,"  by  Mr.  W.  S.  Shields,  was  read  by 
title,  and  Mr.  0.  L.  Gearhart  presented  the  report  of  the  Committee 
on  Roads  and  Pavements.  Mr.  R.  I).  Gregg  read  a  paper  on  "The 
Washington  Avenue  Bridge  at  Kankakee,"  and  Mr.  T.  L.  Condron 
gave  a  talk  on  "Reinforced  Concrete  Structures,"  illustrated  by 
stereopticon  views  of  a  great  variety  of  structures.  Mr.  Frank  W. 
Ives  read  a  paper  on  "Highway  Bridges  and  Culverts,"  and  Prof. 
F.  G.  Frink  read  another  on  "The  Queen  Post  Truss."  A  paper  on 
"Grade  Crossings,"  by  Mr.  F.  G.  Ewald,  was  read  by  title,  as  was  the 
report  of  the  Committee  on  Mechanical  and  Electrical  Engineering. 
Mr.  L.  K.  Slierman  presented  the  report  of  the  Committee  on 
Structural  Engineering.  Mr.  D.  H.  Maury  announced  that  the  Execu- 
tive Committee  had  re-elected  Mr.  E.  E.  R.  Tratman  as  Secretarv 
and  Treasurer,  with  a  salary  of  f$200,  for  the  ensuing  year.  After  a 
few  closing  remarks  by  the  retiring  President,  Mr.  J.  W.  Alvord,  and 
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ANNUAL  REPORT  OF  THE  SECRETARY-TREASURER. 

I  liavc  pleasure  in  reporting  a  successful  year  for  the  Society, 
and  a  satisfactory  state  of  affairs  as  to  finances.  The  books  have  been 
submitted  to  tlie  Executive  Committee,  and  a  summary  of  the  receipts 
and  expenditures  is  as  follows: 

Receipts — 

Balance  in  bank.  Dec.  31.  19<J3 $152.68 

Annual   dues    366.00 

Entrance   fees    60.00 

Annual    reports    24.85 

Advertisements    457.22 

Total $1,060.75 

Expenses — 

Printing  and  distributing  Proceedings $410.67 

Printing  bill  heads,  circulars,  notices,  etc 41.10 

Expenses  of  incorporation 21.15 

Stamps,  express  and   freight 136.91 

Stenographer.   Champaign   meeting 75.00 

Convention   badges    15.00 

Secretary    150.00 

Miscellaneous    20.59 

Total $870.42 

Balance  in  bank,  Dec.  31.  1904 $190.33 

Balance  in  bank.  Jan.  18,  1905 $287.08 

Balance  in  bank.  Jan.  20,  1904 $206.34 

The  Constitution  provides  that  the  dues  are  payable  in  advance, 
but  many  of  them  arc  actually  not  paid  until  late  in  the  year,  and 
after  three  or  four  bills  and  notices  have  been  sent.  On  Dec.  31,  1903, 
there  were  *^9  members  in  arrears,  and  on  Dec.  31,  1904,  this  number 
had  increased  to  35 ;  and  25  of  the  latter  were  in  arrears  for  two 
years.  According  to  the  Constitution,  members  who  are  one  year  in 
arrears  should  be  dropped  from  the  rolls.  This  has  not  been  strictly 
followed,  but  it  has  been  voted  bv  the  Executive  Board  that  the 
members  wlio  are  now  two  years  in  arrears  and  from  whom  nothing 
has  been  heard  during  tiiat  time  should  now  be  dropped,  after  due 
notice  has  been  given  them.  As  these  have  not  replied  or  paid  any 
attention  to  bills,  notices  and  j)ersonal  letters  sent  to  them  at  intervals 
during  the  past  two  y(*ars,  it  is  not  known  whether  they  are  living, 
are  still  in  business,  or  are  resident  at  the  addresses  on  our  books. 
As  they  show  no  interest  in  the  Society  it  does  not  seem  right  that 
the  Societv  should  l)urden  itself  with  a  dead-head  list,  which  onlv 
increases  the  expenditures  without  giving  any  return. 

1  regret  to  report  th(^  death  of  Mr.  Orson  Dolph,  of  Yorkville, 
Surveyor  of  Kendall  County;  he  died  August  30,  1904,  at  the  age 
of  78  years.  Also  the  deaths  of  ^Ir.  E.  A.  Graves,  of  Streator;  and 
^[r.  Noah  Whitlev,  of  Joliet. 
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The  character  of  our  Proceedings  has  been  well  maintained,  and 
we  have  a  good  list  of  advertisers. 

During  the  year  there  has  been  considerable  correspondence,  and 
the  business  of  the  Society  has  been  given  proper  attenidoiL 

In  conclusion  it  is  hoped  that  members  will  continue  to  show  a 
practical  and  active  interest  in  the  Society  and  its  affairs,  and  so  help 
to  maintain  its  present  flourishing  condition.  The  officers  do  their 
utmost  in  this  direction,  but  the  members  must  also  do  their  share  of 
the  work  in  order  to  support  the  reputation  of  the  Society. 

E.  E.  R.  Tbaticak, 
Secretary  and  Treasurer. 


List  of  ^lemhers  Klectod  at  the  Annual  Meeting  and  up  to  May,  1905 


A.  B.   Alexander, 
A.  E.  Barber, 
H-  Bloompot, 
W.   P.   Bushnell, 
T.  S.  Byrne, 
H.  L.  Canman, 
R.  A.  Carpenter, 
T.   L.   Condron, 
H.   L.   Emerson, 
P.  E.  Fletcher, 
F.  G.  Frink, 
J.  G.  Gabelman, 
Leo.  Gluck, 
J.  G.  Graff, 
J.  B.  Hittcll, 


F.  W.  Honens, 

G.  C.  Habermeycr, 

E.  M.  Hagar. 

F.  W.  Ives, 
C.  C.  Jacobs, 
W.  H.  Kimball 
W.  G.  Kirchoffcr, 
F.  C.  Lang, 
\Vm.  Lee, 

F.  W.  Lucke, 
E.  Main, 
W.  W.  Marr, 
C  C  Martin, 
C.  Mendius. 
M.  R.  Miller, 


J.  A.  Moore, 
A.  E.  Nelson, 
T.  F.  Quilty, 
C.  N.  Roberts, 
V.  B.  Roberts, 
J.  H.  Sabin, 
W.  Seafert, 
R  F.  Seelig, 
W.  A.  Shaw, 
G.  B.  Sidelinger, 
A.  D.  Watcrbury, 
A.  L.  Webster, 
C.  P.  Westerfield, 
R.  R  Williams, 
W.  M.  Wood, 
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of  conventions  were  exceedingly  valuable  and  profitable  to  those 
interested  in  this  question.  The  presidency  of  Mr.  Stowell  in  1896 
marked  a  period  of  recovery  from  the  financial  stringency  of  the 
preceding  years,  and  the  membership  began  to  increase  slowly  but 
surely  to  about  86  members  in  1897  at  Peoria.  Mr.  Jacob  A.  Harman 
succeeded  Mr.  S.  A.  Bullard  as  Secretary  in  1895. 

In  1898,  Mr.  A.  D.  Thompson,  of  Peoria,  became  President, 
and  conventions  were  held  at  Bloomington  (1898)  and  Champaign 
(1899).  The  latter  city  indeed  holds  the  convention  record,  having 
been  visited  five  times  by  our  Society;  Springfield  following  with 
four  conventions,  and  Bloomington  with  three.  Twice  we  have  been 
at  Peoria  and  Cliicago,  and  once  each  at  Monmouth,  Moline,  Joliet, 
Aurora  and  Elgin.  With  ^Ir.  C.  C.  Brown,  of  Bloomington,  as  Presi- 
dent, conventions  were  held  at  Moline  (1900)  and  Bloomington 
(1901).  The  hospitality  of  Bloomington  indeed  could  not  be  over- 
clouded by  its  recent  disastrous  fire,  and  at  least  three  members  of 
the  Society  will  never  forget  the  charming  hospitality  of  the  county 
jail  in  the  absence  of  more  usual  accommodations.  The  Joliet  and 
Aurora  meetings  (1903  and  1903),  under  the  presidency  of  Mr. 
Henry  Paddock,  of  Molino,  saw  the  membership  increase  to  116  and 
123,  respectively.  But  engineers  were  busy  again  and  both  attendance 
and  interesting  papers  were  less  numerous  than  in  "hard  times.*' 
The  Champaign  meeting  of  1904  had  a  good  attendance  and  its 
program  was  full  to  overflowing  with  valuable  papers.  Mr.  M.  S. 
Ketchum  succeeded  Mr.  Harman  as  Secretary  in  1901.  Mr.  E.  E.  R. 
Tratman  became  Secretary  in  1903,  and  is  still  with  us. 

In  the  production  of  professional  papers  of  merit  our  Society 
takes  high  rank.  Most  of  our  best  papers  have  been  reprinted  in  the 
technical  journals.  Through  the  exchanges  with  several  other  state 
and  technical  societies  they  circulate  among  1,500  to  1,800  engineers 
scattered  in  all  parts  of  the  country  and  arc  highly  prized.  Surely 
tliis  is  no  mean  audience  and  one  wliicli  it  is  well  to  keep  in  mind 
when  we  write.  Some  366  papers  and  coiiiinittee  reports  have  been 
presented  to  the  Society  in  the  20  years  of  its  existence.  Of  these 
papers  64  are  upon  surveyiu«r  and  allied  subjects,  43  upon  water 
supply,  41  on  railways,  38  on  drainage,  34  on  liighways,  26  upon  street 
pavements,  21  on  bridges,  19  upon  sewerage,  13  upon  sewage  disposal, 
11  on  cement  and  concrete,  8  on  mining  subjects,  8  on  general  sanita- 
tion, 7  on  municipal  topics,  5  each  on  eWtrical  engineering  and 
geological  survey. 

It  is  curious  to  obs(»rve  that  the  subjc^ot  of  race  tracks  and  engi- 
neering ethics  nm  each  other  neck  and  neck  with  four  papers  each. 
Parks  are  credited  with  three  papers,  and  there  are  two  each  upon 
tunnels,  public  works  and  steel  structures;  also  one  each  upon  archi- 
tecture, electric  lighting,  astronomy,  education,  canals  and  aerial 
navigation.  Truly  this  is  a  formidable  array  and  makes  20  pamphlets 
of  much  interest.  Together  with  our  exchanges  they  form  a  small 
librarv  bv  themselves. 
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profession.  Sometimes  they  are  disappointed  with  it  because  they 
joined  it  from  selfish  reasons.  Removal  to  other  states,  change  of 
business,  misfortune  and  death  are  always  working  mischief  with  our 
membership  roll,  but  our  gains  are  steadily  larger  than  our  losses, 
and  the  field  is  always  widening;  slowly  but  surely  we  are  covering 
the  ground.  Should  a  national  society  of  wide  scope  be  formed  with 
local  chapters,  our  work  and  functions  would  be  merged  in  it,  and  our 
peculiar  formation  would  cease  to  have  any  significance.  But  until 
then,  we  have  a  work  to  perform,  which  though  in  some  respects 
arduous,  has  been  peculiarly  gratifying  to  all  engaged  in  it,  for  it 
does  not  take  an  unusually  keen  eye  to  note  the  change  which  has 
passed  over  engineering  in  the  State  of  Illinois  in  the  last  20  years. 
Our  State  University  has  of  course  been  the  most  powerful  influence, 
but  the  growing  appreciation  of  teclmical  education,  the  value  of 
scientific  investigation,  especially  in  municipal  work,  has  been 
remarkable.  So  that  today  it  can  be  said  that  engineering  as  a 
profession  is  understood  and  appreciated  as  never  before  in  Illinois. 

Future  of  the  Society.  For  the  future  it  can  onlv  be  noted 
that  with  this  meeting  tiie  Society  will  in  all  probability  pass  the  150 
mark  in  its  membership.  There  arc  probably  twice  as  many  men  as 
this  in  the  state  who  would  appreciate  its  work  and  enjoy  its  mem- 
bership, if  they  could  be  awakened  to  the  fact  that  they  belong  to  a 
profession  and  catch  the  spirit  of  brotherhood  and  helpfulness  that 
pervades  our  meetings  and  discussions.  The  work  therefore  of  the 
Society  is  not  at  its  highest  level  until  a  goodly  majority  of  them 
are  brouglit  in.  We  need  the  water  works  superintendents.  We 
sliould  have  more  of  the  surveyors,  all  of  the  city  engineers,  most  of 
the  growing  railway  (Miginoers,  more  chejnists,  biologists  and  health 
officers.  And  with  increasing  luemborship  we  shall  hope  for  increas- 
ing influence  for  the  good  of  the  profession.  We  note  hopefully  the 
stirring  message  of  our  new  governor  in  the  direction  of  good  roads 
and  a  state  geological  survey  and  we  should  throw  our  influence  for 
these  as  strongly  as  we  know  how.  The  surveyors'  licensing  bill 
should  be  passed,  and  we  must  uiake  another  effort  in  this  direction. 

In  closing  this  20th  annual  message,  I  cannot  but  congratulate 
this  Society  upon  the  spirit  of  friendliness  which  has  always  pervaded 
its  meetings.  We  have  met  always  as  a  brotherhood  to  talk  over  our 
work  and  give  and  get  light,  and  no  serious  bitterness  or  jealousy  has 
ever  marred  our  deliberations  in  all  these  20  vears  we  have  been 
together.  Let  us  take  that  thought  as  an  augury  for  the  future  and 
hope  that  always  we  shall  go  on  in  the  same  friendly  spirit,  giving 
and  getting  light. 
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should  employ  the  county  surveyors  "or  some  other  competent 
surveyor*'  to  survey  and  plat  the  same.  Thus  by  the  slow  process  of 
legislation,  an  ancient  monopoly  was  finally  eliminated,  and 
opportunity  was  opened  to  ability. 

About  1865  a  few  surveyors  in  Cook  and  Sangamon  counties  met 
at  Springfield  to  consult  upon  matters  of  common  interest.  The 
practical  monopoly  then  held  by  the  elected  county  surveyor  was 
felt  to  be  an  injustice  to  the  private  surveyor,  and  a  burden  upon  the 
farmer  and  the  land  owner.  Under  the  sanction  of  this  meeting  of 
surveyors  a  bill  was  drawn  for  the  licensing  by  the  State,  of  surveyors 
of  approved  ability  and  good  character,  who  should  perform  all  the 
functions  of  tlie  county  surveyor,  throughout  the  State.  The  bill 
was  presented  at  the  next  session  of  the  legislature  and  was  favorably 
reported  by  the  committee,  but  failed  to  pass  for  want  of  time.  Since 
that  time,  bills  of  like  tenure  have  been  introduced  at  some  five  or 
six  different  sessions.  Sometimes  such  a  bill  has  passed  in  one  house 
and  failed  in  the  other;  again  it  has  failed  in  both  houses.  The 
county  surveyors  throughout  the  State  joined  in  opposing  the  bill, 
or  held  aloof,  feeling,  with  some  reason,  that  the  bill  bore  upon  its 
face  a  suggestion  of  the  uselossness  of  their  office,  and  was  perhaps  a 
step  towards  its  abolition. 

This  movement  for  the  licensing  of  State  surveyors  was  mainly 
confined  to  the  profession  in  Chicago;  little  interest  in  it  was  shown 
in  other  parts  of  the  State.  The  attempts  made  here  within  the  last 
few  years  to  formulate  a  bill  to  this  end  have  been  defeated  by  the 
great  diversity  of  opinion  among  its  advocates,  as  to  what  its  provisions 
should  be.  The  bill  finally  drawn  proved  so  complex,  and  so  over- 
loaded with  details  as  to  be  unworkable.  For  myself,  I  have  come  to 
the  opinion  that  the  present  law  is  liberal  enough,  and  that  it  is  wise 
to  let  well  enough  alone.  Probably  there  are  counties  where  the  oflBce 
of  county  surveyor  is  and  always  would  be  a  public  convenience.  In 
any  future  legislation  on  tlio  subject  tliis  office  should  be  made 
appointive  and  not  elective;  and  it  should  be  left  optional  with  the 
county  board  of  each  county  wli ether  to  appoint  a  surveyor,  or  to  leave 
the  place  vacant. 

A  question  always  of  vital  interest  to  tlie  surveyor  is  how  far  he 
may  be  held  liable  in  damages  for  errors  in  judgment  or  fault}'  work, 
or  for  difference  of  opinion  witli  other  surveyors  as  to  the  location  of 
boundaries.  The  only  case  wlierein  tliis  question  has  been  submitted 
to  tlie  courts  for  judicial  decision,  so  far  as  I  know,  was  in  the  year 
1856.  William  Clogher,  then  City  Siiryeyor  of  Chicago,  was  sued  for 
the  mislocation  of  a  building  to  be  erected  at  the  S.  W.  comer  of 
State  and  12th  Sts.  The  building,  which  had  reached  the  second 
story,  was  adjudged  to  be  encroaching  some  2  ft.  upon  12th  St.  It 
was  taken  down,  and  damages  found  against  the  surveyor  in  about 
$600.  No  appeal  was  taken,  and  the  case  was  settled.  Since  that 
time  in  several  cases  damages  have  been  paid  by  surveyors,  without 
contest,  for  palpable  and  admitted  errors. 
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at  $100  a  front  foot,  will  lie  awake  at  night  thinking  of  the  survey 
he  has  just  made  of  a  lot,  which  has  been  bought  for  $8,000  a  foot, 
for  a  structure  which  is  to  cost  $1,000,000.  Recurring  to  the  previous 
question,  I  say  land  surveying  as  usually  practiced  is  not  a  precise  or 
exact  operation.  (Jeodesy,  the  measurement  of  portions  of  the  earth's 
surface,  may  be  done  with  reasonable  accuracy,  limited  by  the  defects 
of  instruments,  and  by  the  infirmity  of  human  faculties.  Land 
surveying  is  only  an  attempt  to  apply  the  methematical  and  physical 
processes  to  the  solution  of  problems,  the  conditions  of  which  are 
necessarily  indeterminate.  No  man  can  say  that  he  has  found  and 
marked  the  true  lines  of  a  lot  as  they  were  originally  marked  sixty 
years  ago ;  at  the  best  he  has  only  laid  down  lines  which  will  probably 
never  be  proved  wrong.  The  security  of  the  owner,  once  in  possession, 
lies  in  the  inability  of  anybody  to  bring  better  evidence  in  favor  of 
another  location. 

One  prolific  source  of  discrepancy  in  surveys  lies  in  the  lack  of 
a  public  standard  of  length  for  the  verification  of  the  steel  tapes  and 
other  measuring  instruments  of  the  surveyors.  A  section  still  in  force 
of  the  Revised  Statutes  of  1845  makes  the  county  clerk  of  each  county 
the  sealer  of  weights  and  measures  for  his  county,  and  requires  him 
to  procure  at  the  expense  of  the?  county,  "when  authorized  by  the 
county  board,"  a  full  set  of  weights  and  measures,  scales  and  beams, 
which  he  shall  cause  to  be  tried  and  proved  and  sealed  by  the  state 
standards,  under  the  direction  of  the  Secretary  of  State.  But  there  is 
nothing  requiring  tlie  county  board  to  act  in  the  matter,  and  the 
County  Board  of  Cook  County  has  never  taken  such  action.  Probably 
the  same  is  true  in  other  counties.  There  is  a  city  officer  known  as  the 
inspector  of  weights  and  measures;  lie  compares  and  seals  scales  and 
weights,  and  measures  of  capacity,  but  he  considers  it  no  part  of  his 
duty  to  inspect  measures  of  length,  and  he  has  no  standard  of  length. 

When  I  began  practice  in  Chicago  the  city  sealer  had  a  somewhat 
battered  brass  bar,  which  he  kept  on  a  shelf  in  his  place  of  business, 
and  which  was  known  as  the  standard  yard.  No  man  knew  whence 
it  came  nor  what  was  it«  authority,  and  I  think  it  was  rarely,  if  ever, 
used  for  comparison.  About  1866,  at  the  instance  of  some  surveyors, 
the  Board  of  Public  Works  procured  from  the  U.  S.  authorities  at 
Washington  two  steel  yard  bars  with  proper  certificates.  These  were 
used  by  end  contact  for  laying  down  50-ft.  floor  standards.  They 
were  lost  in  the  fire  of  1871.  Shortly  after  the  fire,  Alexander  Wolcot, 
then  county  surveyor,  got  from  a  friend  in  Washington  two  standard- 
ized 6-ft.  steel  bars,  which  were  used  by  him  and  by  other  surveyors 
in  laying  down  floor  standards.  These  bars  are  now  in  possession  of 
Mr.  F.  C.  Rossiter  of  this  city.  About  1885,  the  Western  Society  of 
Engineers  procured  from  the  Coast  Survey  office  at  Washington  two 
bars  for  end  contact,  of  4-ft.  and  6-ft.  length,  with  certificate  as  to 
temperature  at  which  they  were  standard,  and  as  to  variation  for 
change  of  temperature.  These  bars  with  their  wooden  case  dis- 
appeared many  years  ago — probably  stolen  from  the  office  in  which 
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Director  of  the  Bureau  of  Standards  at  Washington,  D.  C.  After 
much  correspondence  and  personal  application  the  committee  are  still 
unable  to  find  a  site  for  the  structure.  The  following  letter,  dated 
Jan.  10,  1905,  from  Mr.  Ericson,  City  Engineer  and  chairman  of  the 
committee,  gives  the  present  state  of  affairs: 

Replying  to  yours  of  Jan.  9,  I  wish  to  state  that  the  committee  appointed 
by  the  Western  Society  of  Engineers  to  arrange  for  the  installation  of  a 
mural  standard  bench  in  the  city  of  Chicago  worked  for  a  long  time  with 
a  view  of  having  said  standard  bench  installed  in  the  new  Government 
Building.  The  promises  made  by  the  architect  and  other  officials  of  the 
Government  were  such  as  to  make  it  almost  a  certainty  that  we  would  be 
allotted  space  in  said  building.  After  waiting  many  months  we  were  finally 
informed  that  no  space  could  be  given  for  this  purpose,  and  the  committee 
had  to  commence  the  work  of  securing  space  all  over  again.  A  sub-committee 
was  then  appointed  to  ascertain  whether  space  could  be  obtained  either  in 
the  new  La  Salle  St.  Station  or  at  the  Field  Museum.  Even  in  this  we 
failed.  I  then  addressed  a  letter  to  the  Chicago  Library  Board,  requesting 
permission  to  place  our  standard  bench  in  the  vacant  space  west  of  the 
Library  Building.  After  another  long  wait  I  have  just  been  informed  that 
we  cannot  obtain  this  space.  I  have  now  arranged  with  Mr.  Schraeder  of 
the  committee  and  with  Mr.  Foster  of  the  South  Park  Board  for  a  meeting 
at  my  office  when  an  attempt  will  be  made  to  secure  space  somewhere  on  the 
lake  front.  In  the  meantime,  plans  have  been  prepared  for  the  bench, 
and  as  soon  as  space  has  been  secured  I  shall  attempt  to  have  an  appropriation 
made  for  defraying  the  expenses  of  the  same. 

Some  33  years  ago  the  surveyors  of  Chicago  passed  through  a 
unique  experience,  which,  it  is  hoped,  may  never  be  repeated,  either 
here  or  elsewhere.  It  was  the  restoring  of  lost  corners  and  the 
marking  of  lines  for  the  rebuilding  of  tlie  city,  a  large  part  whereof 
had  been  destroyed  by  the  great  fire  of  Oct.  9  and  10,  1871.  Some 
years  after  this  disaster  a  number  of  persons  who  had  been  eye 
witnesses  of  it  were  asked  to  write  some  account  of  their  personal 
experience.  Perhaps  a  few  lines  from  one  of  these  accounts  will  give 
some  idea  of  the  work  of  the  survevors  and  its  conditions. 

It  soon  became  evident  that  a  task  of  great  magnitude  and  delicacy 
had  fallen  upon  the  surveyors  of  Chicago.  The  boundary  lines  of  thousands 
of  lots  in  the  burned  district  must  be  retraced  for  re-occupation  and  building; 
and  this  must  be  done  in  streets  still  hot  and  smoking,  and  that  would  bum 
and  smoke  for  months.  Land  marks  were  destroyed  or  covered  by  fallen 
ruins;  and,  worse  than  all,  the  recorded  plats,  maps  and  deeds  of  property 
in  the  city  and  county  were  burned.  This  work  could  be  done  only  by 
men  of  long  experience  in  surveying  in  and  about  Chicago,  familiar  with  the 
plats  and  with  the  physical  conditions.  In  looking  back  after  this  long 
interval  I  recall  with  wonder  the  ease  and  rapidity  with  which  the  people 
adapted  themselves  to  the  changed  conditions  in  commerce,  in  domestic 
affairs  and  in  social  relations.  The  eleventh  of  October  saw  a  city  without 
a  bank,  a  hotel,  an  office  building,  a  theatre,  a  wholesale  store  or  post  office, 
with  many  of  its  principal  churches  destroyed  and  30,000  homes  in  ruins. 
The  dwelling  houses  and  other  buildings  skirting  the  burnt  district  on  the 
West  and  South  were  rented  at  large  prices,  and  hastily  converted  to 
business  uses,  and  great  wooden  barracks  for  temporary  use  were  rapidly 
thrown  up,  by  special  permission  of  the  city  government,  on  the  park  property 
along  the  lake  shore.    These  were  soon  tenanted  by  banks  and  stores. 

Within  15  days  after  the  fire  I  had  established  my  surveying  office  in 
the  kitchen  and  laundry  of  a  fashionable  brick  residence  on  Wabash  Ave. 


28  Illinois  Society  of  Exoineers  and  Surveyors. 


MODERN  SURVEYING  IN  CHICAGO. 

BY  S.  N.  HOWARD   ( MEMBER). 

City  surveys  are  made:  First,  to  establish  monuments,  corners, 
lines  and  boundaries,  and  thus  divide  land  into  blocks  and  lots. 
Second,  to  identify  and  locate  such  monuments,  corners,  lines  and 
boundaries  after  they  have  been  established,  and  to  replace  them  where 
they  have  been  destroyed.  The  first  class  of  surveys  forms  a  ven^ 
small  portion  of  the  practice  of  the  Chicago  surveyor  of  today.  Subdi- 
visions are,  as  a  rule,  well  made;  much  better  than  the  older  subdi- 
visions, owing  to  the  better  appliances  for  measurement,  the  steel 
tape  being  universally  used  for  this  purpose. 

The  surveyor  who  makes  surveys  in  down-town  Chicago  finds 
much  diflBculty  owing  to  the  crowded  condition  of  the  streets,  the 
piling  of  goods  on  the  sidewalks,  projecting  doors  and  show-windows, 
etc.,  the  only  possibility  or  doing  the  work,  in  many  cases,  being 
early  in  the  morning  before  the  crowd  gets  out,  or  else  on  Sunday. 
It  has  been  more  than  hinted  that  two  surveyors  could  not  agree  on 
the  lines  of  a  lot.  While  this  is  far  from  being  true,  we  do  sometimes 
have  differences,  the  only  wonder  being  that  there  are  not  many  more 
when  we  consider  the  conditions  under  which  survevs  have  to  be  made 
in  a  great  and  growing  city. 

The  placing  of  public  improvements,  street  pavements,  sewers, 
and  the  network  of  pipes  which  underlie  our  streets,  has  destroyed 
every  section  corner  monument  in  Chicago,  except  possibly  a  very  few 
in  the  outskirts  of  the  city.  The  stakes  marking  the  lines  in  the 
older  subdivisions  soon  rotted  away  or  were  replaced  by  fences  or 
buildings  more  or  less  accurately  placed  on  the  line,  and  these  probably 
several  times  renewed.  The  conditions  being  such,  the  only  thing 
left  for  the  surveyor  to  do  is  to  depend  on  occupation.  He  accordingly 
runs  the  lines  of  the  streets  bounding  the  block  in  which  he  is  to 
operate,  by  such  buildings  or  inarks  as  he  may  have  noted  in  former 
surveys  or  such  as  may  appeal  to  his  judgment.  If  he  runs  the  line 
for  any  considerable  distance  he  will  undoubtedly  find  that  some  of 
the  buildings,  and  marks  of  other  surveyors  (and  possibly  some  of  his 
own)  are  not  in  line. 

In  establishing  interior  lines,  the  rule  of  course  is  to  divide  the 
actual  measurement  of  the  block  in  proportion  to  the  record  of  the 
several  lots;  but  in  most  cases  all  of  the  occupation  does  not  agree 
with  the  proportion,  possibly  only  a  small  portion  of  it.  In  this  case, 
the  surveyor  places  the  line  where,  in  his  judgment,  it  will  best 
harmonize  with  the  general  occupation,  work  the  least  injury  to  all 
parties  concerned,  or  will  be  upheld  by  the  courts,  should  the  case 
reach  them.     Occupation,  therefore,  cuts  a  large  figure  in  city  sur- 
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Public  Works.  An  accurate  record  is  kept  of  the  date  of  all  ordinances 
establishing  grades,  new  grades  are  being  established,  and  old  grades 
are  changed  to  agree  with  existing  walks  whenever  dififerences  are 
brought  to  the  attention  of  the  Department. 

One  need  of  the  surveyors  of  Chicago  is  a  public  standard  of 
measurement.  There  are  a  few  private  standards  in  use,  but  it  would 
be  much  better  if  there  was  one  standard  accessible  to  all.  In  the 
ordinary  lot  survey,  where  the  length  of  the  block  is  divided  pro  rata, 
a  discrepancy  in  the  length  of  tlie  tapes  is  not  so  material,  but  in 
cases  where  absolute  measurements  are  to  be  made  (as  where  property 
is  described  by  metes  and  bounds),  it  is  absolutely  essential  that  we 
have  a  correct  measure. 
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coinea  flush  in  the  surface  of  the  walk.  The  exact  location  of  each 
monument  is  carefully  noted  and  recorded.  A  special  council  ordi- 
nance provides  a  penalty  of  from  $50  to  $200  for  "destroying,  covermg 
up,  or  in  any  way  injuring''  them. 

The  levels  for  determining  the  elevations  of  the  bench  monu- 
ments were  taken  with  a  Y-level,  the  different  lines  being  run  two  or 
three  times,  checking  from  point  to  point  in  every  direction,  with 
such  care  and  in  such  a  manner  as  to  insure  great  accuracy.  As  the 
precise  level  system  was  not  used,  the  term  "exact  level,''  has  been 
adopted  in  speaking  of  this  work.  The  precise  level  system  was  not 
adopted,  as  it  was  fairly  demonstrated  in  running  the  levels  described 
in  the  1895  report  on  Chicago  datum,  that  with  proper  care  and  the 
use  of  correct  methods,  equal  accuracy  in  results  could  be  obtained 
by  the  exact  Y-levol  system,  and  the  expense  would  not  be  half  as 
groat. 

The  conclusions  arrived  at  in  the  1895  report,  as  to  the  then 
correct  elevation  of  the  old  "Lind  Block  bench,"  having  been  accepted 
and  legalized  by  action  of  the  city  council,  the  corrected  elevation  of 
that  bench  was  taken  as  the  initial  or  starting  point,  and  from  it 
lines  of  eact  hovels  woto  run  enclosing  a  rectangle,  whose  perimeter 
lines  were  approximately  along  Randolph  St.,  Michigan  Ave.,  12tli 
St.  and  Sangamon  St.  M  convenient  points  on  these  perimeter  lines 
six  bench  monum(»nts  were  established.  Then  from  these  monument 
points  on  this  rectangle,  other  rectangles  were  run  joining  onto  the 
first  rectangle  on  its  north,  west  and  south  sides.  This  process  was 
contimied,  extend ino:  the  work  towards  the  citv  limits  in  everv-  direc- 
tioii.  Every  lino  of  lov(»ls  was  run  at  least  twice  (in  the  same 
direction),  and  sonietiiiios  tlirec  or  four  times  if  any  disagreement 
devc^loped  in  closing  any  rectangle.  The  results  have  been  most 
satisfactory  and  well  within  the  limits  prescribed  for  precise  levels. 
It  mav  be  remarked  in  this  connection,  that  it  was  a  verv  fortunate 
circumstance  for  the  city,  that  tliis  work  was  begun  while  the  Land 
l^lock  bench,  the  last  old  original  bench  mark,  was  still  in  existence. 
It  has  since  been  destroyed  hv  lire. 

In  the  prosecution  of  this  work,  tlie  observance  of  certain  rules 
or  methods  was  found  to  ho  very  necessary.  The  following  are  some 
of  the  methods  observed  :  The  instrument  should  be  shaded  bv  an 
umbn^lla  when  taking  sights:  tlio  level  when  not  in  use  should  be 
turned  so  that  the  sun's  rays  could  not  strike  the  bubble ;  the  sights 
should  not  exceed  175  it  in  length,  while  150  ft.  would  give  better 
results.  All  turning  points  should  be  on  a  point  and  not  on  a  flat 
surface ;  the  rodnuin  must  stand  at  the  side  of  his  rod  instead  of 
behind  it,  so  that  ho  might  plumb  his  rod  one  way  while  the  instru- 
ment plumbed  it  the  other  way :  all  sights  should  be  taken  at  least 
three  times  over,  the  target  being  sot  each  time  independently,  the 
first  two  readings  of  the  rod  being  carefully  noted  down  by  the 
rod  man,  and  the  last  reading  brought  up  to  the  engineer  to  be  read 
by  both  persons;  a  variation  of  over  three- thousandths  in  setting  the 
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have  heard  of  but  one,  where  the  claim  is  made  that  it  has  varied 
0.02  or  0.03,  and  that  one  is  on  Michigan  Ave.  It  being  made  ground, 
it  is  possible  that  this  one  point  may  have  settled,  but  not  enough  to 
make  any  perceptible  difference  with  any  practical  use  that  may  be 
made  of  it. 


CITY  SUEVEYING. 

BY   C.    C.   STOWELL    (member). 

City  surveying  implies  two  distinct  branches  of  surveying  each 
requiring  different  methods.  First,  original  surveys  or  subdivision 
work;  Second,  resurveys,  or  tracing  the  original  surveys,  sometimes 
(usually  years)  after  the  subdivision  has  been  made.  Little  can  be 
said  of  the  first  except  that  it  requires  care  and  skill  in  fixing  the 
boundaries  of  the  subdivision,  careful  measurements  and  care  in 
placing  monuments.  In  subdividing  the  land,  care  and  study  should 
be  given  to  secure  good  drainage,  the  best  grades  for  the  streets, 
and  ready  access  from  tlie  streets  and  alleys  to  each  lot.  Unfortun- 
ately this  is  not  usually  delegated  to  the  surveyor,  but  is  done  on 
paper  by  the  property  owner  or  real  estate  agent  with  the  prevailing 
idea  of  its  best  appearance  on  paper  and  the  greatest  number  of  lots. 
I  recall  one  subdivision, -situated  on  the  outskirts  of  a  city,  on  a  steep 
side  hill  cut  by  ravines,  the  whole  surface  rough  and  broken  and 
wholly  unfit  for  either  residence  or  business  purposes.  Yet  this  was 
divided  (on  paper)  into  lots  22x100  ft.,  and  the  river,  steam  railway 
and  highway,  which  were  near  the  property,  were  shown  on  the  map 
to  convey  the  idea  of  advantageous  location.  The  owner  took  his 
plat  out  of  town  and  exchanged  the  whole  subdivision  for  a  lot  of 
horses  at  an  extravagant  figure.  Part  of  the  subdivision  has  since  been 
sold  for  a  gravel  pit  for  a  low  price,  but  no  other  part  has  been  sold. 
To  prevent  such  impositions  on  the  public  and  to  secure  care  in  making 
the  survey,  our  State  needs  laws  similar  to  those  of  Michigan. 

The  second  branch  of  the  work,  that  of  determining  property 
lines  by  retracing  a  portion  of  the  subdivision,  requires  much  more 
attention,  also  good  judgment  as  well  as  skill  with  transit  and  tape. 
The  surveyors  first  work  in  connection  with  this  is  to  get  an  accurate 
description  of  the  property.  This  is  not  always  easily  accomplished. 
Many  times  the  property,  even  when  in  a  subdivision,  is  described  by 
"metes  and  bounds,''  and  does  not  contain  data  of  sufficient  precision 
to  be  of  much  value  to  the  surveyor.  Indeed,  it  is  often  necessary  and 
usually  advisable,  where  property  is  described  by  *^metes  and  bounds,'^ 
to  get  descriptions  of  adjoining  property. 

Having  obtained  the  description  and  checked  the  data  given,  the 
monuments  are  to  be  found  if  possible.     The  monuments  in  most 
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JUDICIAL  ELEMENTS  IN  SURVEYING. 

BY  W.  D.  JONES   (member). 


Suneying  is  something  more  tlian  running  straight  lines  and 
making  accurate  measurements  between  known  points.  It  is  that 
as  a  branch  of  engineering,  but  as  a  branch  of  law  it  is  determining 
what  the  known  points  and  what  the  controlling  points  of  the 
survey  are. 

A  property  line  always  is  where  it  always  was  (in  theory,  at 
least).  If  a  property  line  is  lost,  it  is  not  therefore,  necessarily  the 
business  of  the  survevor  to  locate  it  wliere  it  should  have  been  located, 
but  rather  to  find  where  it  was,  and  therefore  is.  If  the  original 
monuments  exist,  they  must  of  necessity  be  the  best  evidence  of  where 
the  line  is,  unless  there  is  good  evidence  that  they  have  been  moved. 
The  surveyor  who  is  retracing  old  lines  must  decide,  1,  whether  what 
he  finds  are  original  monuments,  and  2,  whether  or  not  there  is  any 
good  evidence  that  such  monuments  have  been  moved.  Sometimes 
(as  a  matter  of  policy)  he  must  decide  whether  or  not  the  surveyor 
whose  name  is  recorded  as  having  set  those  monuments  would  admit 
that  he  set  them  where  they  are  found  to  be.  A  knowledge  as  to 
whether  the  said  surveyor  is  alive  or  dead,  and  if  alive,  a  general 
knowledge  of  his  disposition  and  character,  is  of  much  value  in  making 
this  decision.  It  is  generally  conceded  that  the  most  perplexing 
questions  to  a  surveyor  arise  where  the  original  monuments  have  been 
lost  for  years. 

In  the  case  of  country  surveys,  each  lost  section  corner  and  quarter 
section  corner  is  a  case  of  itself,  and  the  surveyor  is  called  upon  to 
collect  all  the  evidence  as  to  the  location  of  the  same,  both  in  form  of 
old  trees,  fences,  stakes,  gradings,  ditches,  etc.,  and  in  form  of  testi- 
mony of  old  residents.  Ho  must  judge  which  man  is  greedy  and 
which  one  is  honest ;  he  must  judge  what  is  and  what  is  not  evidence. 
In  short,  he  must  conduct  a  court  case  of  his  own,  always  remembering 
that  if  he  lias  erred  in  his  decision,  it  is  likely  to  be  reversed  by  a 
higher  court  where  additional  evidence  will  be  admissible. 

In  the  case  of  city  surveys,  the  re-location  of  lost  lines  in  very 
old  subdivisions  depends  more,  of  necessity,  upon  measurements  from 
and  between  known  points  and  lines.  It  is  again  the  function  of  the 
surveyor  to  decide  what  points  and  lines  are  known.  Well  defined 
old  possessions  equally  jealously  guarded  by  opposite  interests  is  good 
evidence  of  the  location  of  lines.  A  starting  point,  in  case  it  is  a 
street  line,  and  has  not  therefore  been  very  closely  guarded  by  a  city, 
may  not  be  as  important  a  point  as  intermediate  lines  of  possession 
in  a  subdivision.  If  all  the  lines  of  possession  agree  proportionately 
with  the  recorded  dimensions  on  the  plat  of  subdivision,  the  survey 
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LAND  SUKVJEYIlSi  G  IN  NORTH  MISSOURI. 

BY  WILL  DO  WELL    ( MEMBER). 

In  having  troubles  of  his  own,  the  county  surveyor  of  north 
Missouri  is  but  little  behind  those  of  any  other  country.  The  govern- 
ment survey  was  made  between  1820  and  1845,  and  very  few  of  the 
line  and  bearing  trees  remain.  Of  course  the  original  posts  are  all 
gone.  In  the  prairie  districts  the  charcoal  comers  can  usually  be 
found,  unless  they  are  on  a  public  road.  Few  of  the  stone  monuments 
that  were  set  where  the  public  roads  are  now  located  can  be  found, 
the  road  overseer  as  a  rule  having  dragged  them  out  with  his  grader 
at  the  earliest  possible  moment,  regardless  of  the  penalty.  Until 
within  the  last  few  years  land  has  been  cheap,  the  price  being  from 
$8  to  $20  per  a<?re;  few  substantial  fences  were  built  and  owners  were 
not  very  particular  about  their  lines.  In  fact  many  of  the  existing 
lines  were  run  by  a  local  surveyor  without  either  field  notes  or  suitable 
instruments,  and  in  many  cases  without  mathematical  training  or 
experience.  In  other  cases  tlie  owner  himself  measured  the  distance 
(sometimes  by  pacing)  from  some  known  corner,  perhaps  in  a  different 
section,  and  set  his  own  corner  at  20,  40,  60,  80  or  120  chains,  as  the 
case  might  be.  This  land  being  now  worth  from  $60  to  $100  per  acre, 
the  farmers  are  building  pennanont  fences  and  are  more  exacting  in 
the  matter  of  land  linos.  The  country  is  being  filled  up  with  people 
of  means  froin  the  older  states,  w^ho,  as  a  rule,  care  more  for  perma- 
nency in  their  land  lines  than  for  a  few  inches  of  soil,  and  who  require 
their  corners  to  be  properly  established.  In  doing  this  the  surveyor 
frequently  disturbs  some  of  the  carelessly  run  lines  of  the  "old  settler," 
and  either  gets  into  trouble  himself  or  plunges  the  whole  neighborhood 
into  litigation.  Of  course  we  all  realize  that  we  should  be  careful  in 
disturbing  old  lines,  but  what  shall  we  do?  I  can  conceive  of  but 
one  logical  answer — set  tlie  corners  according  to  tlie  public  land  law 
and  let  the  courts  do  the  rest. 

An  old  settler  (whom  I  will  call  "A")  owned  the  southwest 
quarter  of  the  northeast  quarter  of  section  26 ;  35  years  ago  a  local 
man  surveyed  this  tract  and  one  of  his  note  books  shows  he  did  the 
work  as  follows: 

Commencing   at   the   north   one-fourth    section    corner   of   section   26,    I 
ran  south  with  a  variation  of  9°  east 
at  20.00  chains  set  a  limestone, 

40.00  chains  set  a  hmestone.  thence  east 

20.00  chains  set  a  lost  stone,  thence  north 

20.00  chains  set  a  limestone,  thence  west 

20.00  chains  to  limestone  first  set. 

The  limestone  at  40  chains  on  the  line  first  run,  and  which  the 
surveyor  evidently  set  for  the  contci"  uf  the  section,  is  30  feet  east 
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I  make  it  a  rule  to  run  lines  by  fore  and  back  sights,  without 
using  the  needle.  In  starting  random  lines  I  usually  measure  the 
angle  between  the  line  and  some  permanent  object,  using  the  plates 
and  vernier,  and  reading  the  angle  to  minutes.  My  record  then 
enables  me  to  retrace  the  random  or  run  a  true  line  from  the  comer 
should  it  ever  become  necessary  to  do  so.  I  furnish  each  chainman 
with  a  plumb  bob  and  see  that  he  uses  it  in  chaining  over  rough 
ground,  keeping  the  tape  as  nearly  level  as  possible.  I  have  them 
set  a  stake  on  the  line  at  the  end  of  each  ten  chains  in  level  and 
five  chains  or  less  in  rough  or  timber  land.  I  mark  the  stakes  in 
such  a  manner  that  I  can  go  back  on  the  line  and  resume  the  line 
and  measurement  from  any  stake.  This  is  very  convenient  in  marking 
the  intersection  of  two  lines. 

Whenever  possible  I  mark  my  corners  by  planting  a  cement  or 
concrete  shaft,  4  ins.  diameter  and  from  2  to  3  ft.  long,  with  a  cable 
(made  from  three  No.  12  wires  twisted  together)  running  lengthwise 
through  its  center.  The  cable  should  protrude  about  a  foot  from  one 
end  of  the  shaft.  In  setting,  I  have  the  chainmen  stretch  the  chain 
over  the  comer  in  such  a  way  that  some  mark  on  it  (say  the  15  foot 
graduation)  is  directly  over  the  comer.  The  chain  is  held  taut  and 
a  tally  pin  set  at  the  5  ft.,  and  another  at  the  25  ft.  mark  and  left 
standing  until  the  shaft  is  set.  The  hole  is  made  by  using  an  8  in. 
post  auger,  the  chain  stretched  as  before,  the  shaft  placed  in  the  hole 
and  lifted  by  the  protruding  cable  just  enough  to  swing  clear  of  the 
bottom,  the  cable  brought  to  the  15  foot  graduation  and  the  shaft 
allowed  to  settle  to  tlie  bottom  of  the  hole.  It  is  then  tamped  in  this 
position  and  the  cable  clipped  off  close  to  the  top  of  the  shaft.  If 
the  tamping  is  carefully  done  the  cable  will  mark  the  exact  comer 
as  effectively  as  a  tack  point,  no  matter  how  much  is  broken  or  worn 
off  the  top  of  the  shaft.  Monuments  to  be  set  in  public  roads  should 
be  6  or  8  ins.  in  diameter  and  have  five  cables,  one  in  the  center  and 
the  other  near  the  circumference;  such  a  monument  gives  the  road 
overseer  and  his  road  machine  very  effective  resistance,  but  may  be 
set  with  the  top  below  the  road  surface  and  witnessed  by  smaller 
monuments  at  the  road  side  if  desired. 
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notes  BO  tliat  one  mav  rea<]ily  see  how  imicli  of  a  cut  or  fill  is  to  be  had 
or  met  with  at  any  particular  point,  wliether  on  tangent  or  curve.  Our 
roadbed  when  finiBhed  is  Ifi  ft.  crown  for  fills  and  SO  ft.  base,  with 
4  ft.  ditches  on  either  side  in  cuts.  This  leaves  a  13  ft.  crown  for 
roadbed  through  cuts.  Our  specifications  require  the  contractor  to 
haul  300  ft.  free;  overJiaul  to  be  paid  for  at  so  much  per  yard  for 
each  100  ft  of  overhaul.  In  making  up  the  estimate  from  the  center 
line  profile,  these  notes  are  naturally  carried  in  mind. 


Preliminahy  Estimate — Tlio  method  of  working  up  the  pre- 
liminary grading  estimntp  is  similar  to  that  illustrated  in  the  "Manual 
for  Hesident  Knginoers.'"  by  Molitor  iS:  Heard.  A  section  of  profile 
is  herewith  presented.  The  average  end  area,  or  rather  the  average 
center  height,  of  any  prismoid  is  foimd  by  scaled  measurement,  using 
a  scale  of  20  ft.  to  tlio  inch.  The  cubic  contents  is  then  found  by 
reference  to  ?ome  table  of  level  cuttings.  To  the  excavation  quantities 
thus  found  arc  then  added  all  extra  yardage  on  account  of  ditohes. 
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work  will  be,  "What  is  the  percentage  of  error  of  such  an  estimate  as 
compared  to  the  actual  quantities  as  computed  from  the  cross  section 
notes  i^'  We  are  just  finishing  some  15  miles  of  grading  of  which 
some  seven  miles  has  been  completed.  On  comparison  of  the  quantities 
found  by  this  method  of  preliminary  estimating  and  the  quantities  of 
actual  work  done,  I  find  that  the  quantities  of  the  latter  over-run  those 
of  the  former  by  6.2%.  On  one  particular  mile,  which  is  a  fair 
representative  of  the  general  work  found  in  this  country,  I  find  that 
the  final  quantities  over-run  the  estimated  quantities  by  2.5%.  In 
conversation  with  several  engineers  of  experience  who  have  been 
familiar  with  this  method  of  estimating,  I  have  learned  that  they  do 
not  expect  to  find,  under  ordinary  conditions,  an  error  of  more  than 
5  to  6%,  which  goes  to  show  that  this  is  a  very  fair  and  accurate 
method  for  preliminary  estimation  of  quantities. 

Following  the  preliminary  estimate  of  grading,  comes,  of  course, 
the  preparation  of  a  preliminary  estimate  covering  the  total  cost  of 
the  finished  work.  This  is  made  up  from  the  total  estimated  quan- 
tities of  the  different  materials  required,  together  with  the  current 
prices  for  such  material  and  as  it  resolves  itself  into  the  question  of 
simple  multiplication,  requires  no  further  discussion. 

Monthly  Reports  of  Construction — Upon  the  organization  of 
the  residency  party,  the  first  work  of  course,  is  the  checking  of  all 
level,  alinement  and  land  line  notes  and  the  correction  on  the  maps 
and  profiles  of  any  errors  thus  found.  Upon  the  commencement  of 
actual  construction,  monthly  reports  are  made  to  the  office  of  the 
Chief  Engineer  covering  all  tlie  different  departments  of  the  con- 
struction. Wlicre  pile  bent  bridges  are  built,  the  resident  engineer 
is  also  required  to  keep  a  record  of  tlie  length  of  all  pile  penetration 
and  cut  off  and  the  number  of  board  feet  of  all  lumber  used  in  the  deck 
and  bracing.  From  these  monthly  reports  a  progress  profile  is  made 
showing  in  different  colors,  the  work  done  for  each  particular  month. 
This  profile,  together  with  a  montlily  estimate  of  all  work  done,  is 
forwarded  to  the  General  Manager  that  he  may  keep  himself  thor- 
oughly informed  as  to  the  progress  of  the  work  at  all  times. 

Upon  the  completion  of  mich  contract  or  any  considerable  portion 
thereof,  a  final  profile  is  made  and  tlie  hauled  quantities  computed 
in  the  same  manner  as  described  for  the  preliminary  estimate,  with 
the  exception  that  the  cubical  content  of  each  prismoid  is  found 
from  the  cross  section  notes.  This  profile  is  a  complete  record  of 
every  yard  of  material  handled  and  llnal  payment  for  the  grading  is 
made  from  the  information  shown  thereon. 

There  is  one  other  record  of  importance  in  connection  with  this 
subject  and  that  is  the  keeping  of  station  ground  plots.  These  plots 
are  made  to  a  scale  of  50  ft.  to  the  inch  (whenever  possible)  and 
show  in  detail  the  property  acquired  and  occupied  as  station  ground. 
On  these  are  kept  a  record  of  all  leases  for  industries  on  the  railway 
right  of  way  with  shape,  size  and  location  of  any  buildings  erected 
thereon.     On  these  plats  are  also  shown  all  tracks  within  the  yard 
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The  study  of  land  surveying  includes  more  than  is  given  in  either 
of  the  text  books  mentioned.  The  method  of  recording  surveys,  the 
certificates  which  should  be  attached  to  plats  for  record,  and  the 
various  records  from  which  useful  information  for  resurveys  may  be 
obtained  are  explained.  Computations  include  a  study  of  the  deter- 
minations of  areas  of  field  by  different  methods:  A,  by  the  perpen- 
dicular method  for  which  the  field  is  divided  into  triangles  in  each 
of  which  a  base  and  altitude  are  known;  B,  by  the  three-side  method, 
for  which  the  field  is  divided  into  triangles  of  which  all  the  sides  are 
known;  C,  by  the  angle  method,  having  the  field  divided  into  triangles 
for  each  of  which  one  angle  and  two  adjacent  sides  are  known;  D,  a 
field  having  a  curved  boundary;  E,  by  latitudes  and  departures;  F, 
the  distance  across  a  body  of  water,  by  triangulation ;  6,  the  height 
of  a  tower;  and  H,  the  quantities  necessary  for  a  determination  of  a 
true  meridian  by  moans  of  the  solar  transit.  Besides  the  study  of 
these  determinations,  attention  is  given  to  short  methods  of  computa- 
tion, methods  of  checking  calculations,  and  errors  of  surveying. 

Field  Wokk.  The  field  problems  which  are  done  in  the  first 
semester  of  the  sophomore  year  are  about  as  follows: 

Pacing,  ranging,  ranging  lines  by  eye,  distance  with  chain  and  tape, 
angles  of  a  triangle  with  tape,  survey  of  field  with  tape,  prolongation  of  a 
line  past  an  obstacle  (with  a  tape),  determination  of  an  obstructed  distance 
(with  a  tape),  determination  of  the  declination  of  the  magnetic  needle,  angles 
of  a  triangle  with  a  compass,  traverse  of  a  field  with  a  compass  and  chain, 
differential  leveling  with  a  hand  level  and  engineer's  level,  profile  leveling 
for  drain  (to  complete  this  problem  a  profile  showing  the  proposed  location 
of  the  drain  is  required),  levels  for  street  paving  (to  complete  this  problem 
a  profile  showing  the  proposed  grade  line  for  pavement  is  required). 

Contour  leveling.  (An  area  of  about  1^  acres  of  rolling  ground  is 
divided  into  25-ft.  squares  and  ground  elevations  are  taken  at  the  comer 
of  each  square.  A  contour  map  of  the  area  is  required  showing  contours 
for  1-ft.  intervals.)  Reciprocal  leveling,  determination  of  radius  of  bubble 
vial,  tests  of  a  telescope,  Y  level  and  dumpy  level,  transit  work  for  angles 
of  a  triangle,  prolongation  of  a  line  and  intersection  of  lines,  triangulation 
across  an  imaginary  river,  traverse  of  a  field  with  a  transit  and  tape,  staking 
out  a  building,  height  of  a  tower  with  a  transit,  tests  of  a  transit,  plane  table 
map  by  radiation  method,  by  traversing  and  by  intersection  method. 

Office  Work.  In  addition  to  the  work  already  described,  each 
student  is  required  to  make  seven  lettering  plates  and  each  squad 
is  required  to  go  to  the  county  recorder's  office  and  find  the  abstract 
of  title  and  notes  for  a  resurvey  of  an  assigned  piece  of  property. 

2nd.  The  work  in  surveying  done  by  the  regular  civil  engineering 
students  is  divided  into  two  subjects:  topographic  surveying,  and 
railwav  curves. 

TopooiiAPHic  Surveying.  The  class  in  topographic  surveying 
meets  four  times  a  week,  the  credit  given  being  four  semester  hours. 
The  text  used  is  Wilson^s  ^'Topographic  Surveying,"  upon  which 
recitations  are  held  once  or  twice  a  week.  The  remainder  of  the  time 
is  devoted  to  topographic  drawing  during  the  first  part  of  the  semester, 
until  the  required  number  of  plates  have  been  finished,  after  which 
this  time  is  devoted  to  field  work. 
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The  method  of  railway  location  is  then  considered  in  detail,  a  careful 
study  being  made  of  reconnoissance,  preliminary  surveys,  and  location 
surveys.  Other  items  considered  are:  field  parties  and  the  duties  of 
the  various  members;  map  construction  and  methods  of  projecting 
lines;  calculations  pertaining  to  frogs,  switches,  turnouts  and  yards; 
calculation  of  overhaul ;  the  plotting  of  mass  diagrams,  and  tradition 
curves.  The  economic  theory  of  railway  location  is  also  discussed,  but 
is  not  given  in  any  of  the  text  books  mentioned.  The  latter  portion  of 
the  semester  is  devoted  to  a  study  of  roadbed  cross  sections,  track  and 
track  maintenance. 

Field  Work.  Each  squad  of  eight  or  nine,  men  is  expected  to 
locate  and  cross  section  one  mile  of  a  proposed  line,  from  a  given 
station  to  a  given  tangent.  A  somewhat  hurried  reconnoissance  is 
made;  the  general  route  which  each  squad  will  follow  is  selected;  a 
preliminary  line  is  run  by  each  squad;  topography  along  the  pre- 
liminary line  is  taken  with  a  hand  level;  the  preliminary  line  and 
topography  are  plotted,  upon  wliich  map  a  paper  location  is  prejected; 
the  location  line  is  run,  taking  offsets  to  the  curves,  and  later  con- 
necting the  curves  and  tangents  with  transition  spirals;  levels  are 
t^ken  along  the  location  line;  a  profile  of  the  location  line  is  plotted, 
upon  which  the  grade  line  is  shown;  the  line  is  cross  sectioned,  slope 
stakes  being  set  opposite  every  station;  the  quantities  of  eartliwork 
are  computed,  and  a  mass  diagram  is  plotted.  The  design  of  railway 
structures  is  not  considered  because  it  is  taken  up  in  a  separate  course 
in  the  following  semester. 

COURSES    FOR    OTHER    ENGINEERING    STUDENTS. 

Students  in  mechanical,  electrical  and  architectural  engineering, 
and  students  in  architecture  are  required  to  take  at  least  two  semester 
hours'  work  in  surveying.  For  this  purpose  a  special  course  is 
arranged,  in  which  classes  meet  twice  a  week  during  the  second 
semester.  The  text  hook  used  is  Pence  and  Ketchum's  "Surveying 
Manual,"  covering  which  recitations  arc  held  during  the  first  part  of 
the  semester,  while  the  weather  is  unsuitable  for  field  work.  The 
work  during  the  latter  part  of  the  semester  is  devoted  principally  to 
field  work.  For  this  purpose  the  classes  are  divided  into  squads  of 
about  four  each.  Each  squad  does  as  many  tape,  compass,  transit 
and  level  problems  as  time  will  permit,  most  of  the  time  being 
devoted  to  ordinary  transit  and  level  problems. 

The  College  of  Agriculture  offers  a  course  in  drainage  and  irri- 
gation to  students  in  agriculture,  which  course  is  entirely  separate 
from  the  work  of  the  civil  engineering  department.  The  credit  given 
for  this  course  is  2V2  semester  hours.  The  class  meets  five  times  a 
week  for  half  of  one  semester.  The  subjects  considered  are:  location 
of  drains  and  irrigation  conduits,  leveling,  trenching  and  laying  tile 
and  pipes,  filling  and  subsequent  care;  cost  of  construction  and 
efficiency;  sewers  for  the  disposal  of  waste  water  from  farm  buildings 
and  sewage  from  kitchen  and  toilet  room,  and  farm  water  pipes  and 
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THE  LAND  SURVEYOR. 

BY   H.   H.   BREMER    ( MEMBER). 

The  word  "Surveyor,"  at  one  time  easily  understood,  must  today 
have  a  prefix  to  designate  the  particular  field  in  which  it  is  to  be 
recognized.  We  hear  customs  collectors  and  insurance  agents  spoken 
of  as  surveyors.  An  ordinary  dictionary  definition  is  not  clear,  thus: 
"Surveyor — One  who  measures  land ;  an  inspector  of  goods ;  highways, 
etc."  For  the  purpose  of  this  article,  let  us  designate  the  Land  Sur- 
veyor as  "A  person  of  knowledge  in  mathematics  and  the  principles 
of  surveying,  who  locates,  measures  and  computes  the  areas  of  land," 
and  for  brevity  let  us  call  liim  Surveyor. 

The  surveyor  occupies  the  peculiar  position  in  law  and  society 
of  being  neither  a  professional  man  nor  a  laborer.  Yet  society  fre- 
quently calls  upon  him  to  act  as  arbiter  in  disputes  and  forces  upon 
him  the  duties  of  judge,  jury,  lawyer  and  witness.  Through  his  ability 
and  honesty  of  purpose,  disputes  are  adjudicated.  Honesty  and  the 
pleasure  of  laboring  in  a  chosen  field  are  probably  inborn  in  the 
average  man.  Eliminating  these  unknown  quantities,  and  ability 
makes  the  surveyor.  By  ability  I  mean  the  skill  and  requisite 
knowledge  of  correctly  doing  the  work. 

Through  the  laxity  of  tlie  law  in  this  State,  it  is  possible  for  the 
possessor  of  the  rudiments  of  arithmetic,  coupled  with  the  ownership 
of  a  transit,  tape  and  pins,  to  hang  out  his  shingle — "Surveyor." 
As  to  such  refinements  as  geometry,  trigonometry  or  algebra:  "They 
are  not  necessary,"  "A  surveyor  is  not  an  engineer,"  "Triangular  tracts 
of  land  are  scarce  anvwav,"  and  **The  surveyor  is  busv  and  will  not  be 
able  to  attend  to  this  matter  for  a  couple  of  weeks."  These  are 
remarks  which  I  have  heard  in  the  last  few  years.  Within  the  past 
year  an  estimable  fellow  surveyor,  employing  a  number  of  assistants, 
told  me  that  the  ability  of  his  principal  assistant  surveyor  was  limited 
to  surveying  rectangular  lots.  This  assistant  stakes  off  for  building 
purposes  an  average  of  two  lots  per  day,  with  a  possibility  of  600 
lawsuits  a  year. 

An  attempt  was  made  about  three  years  ago  by  this  Society 
through  a  committee  to  interest  the  Logislature  of  Illinois  in  a  bill 
for  the  licensing  of  surveyors.  The  bill,  as  drafted,  took  for  an  ideal 
the  arohitecfs  license  law,  and  adapted  it  to  the  surveyor.  It  was 
known  as  "Senate  No.  179 — 42nd  Assembly,"  and  as  such  it  was  duly 
buried.  This  bill  was  faulty  in  many  ways.  It  failed  to  give  a  clear 
definition  of  land  surveyor.  It  created  an  examining  board  with 
unlimited  power,  which  could  issue  licenses  to  whom  it  wished  at  its 
])leasure.  It  made  the  board  a  court  of  record,  whereas  any  existing 
court  of  record  should  be  sufficient  for  the  purposes  intended.     This 
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REPORT  OF  THE  COMMITTEE  ON  SURVEYING. 

No  legislation  affecting  the  surveyor  has  been  enacted  during  the 
last  12  months.  This  is  to  be  regretted  as  a  matter  of  general  prin- 
ciple. Favorable  legislation  on  the  licensing  question  would  be  a  boon. 
Adverse  legislation  is  better  than  none  at  all.  It  will  stimulate  interest 
in  the  subject  and  produce  results  of  some  kind  probably  unlooked  for. 
It  is  recommended  that  the  Society  appoint  a  committee  which  will 
ascertain  the  sentiment  of  the  surveyors  of  Illinois  in  this  matter, 
draft  a  bill  and  use  all  honorable  means  to  further  its  passage  by  the 
legislature. 

Attention  is  called  to  the  condition  of  government  monuments 
and  their  perpetuation.  Eastern  committees  are  taking  the  lead  in 
re-establishing  old  boundaries  and  lines  and  perpetuating  monuments. 
Why  not  agitate  this  question  in  Illinois?  It  is  to  the  taxpayers' 
interest  that  government  comers  be  preserved  and  he  should  pay  for 
their  re-establishment.  In  cities,  towns  and  villages  section  comers 
are  obliterated  to  make  way  for  street  improvements.  Their  location 
and  preservation  should  be  made  obligatory  by  law. 

The  Federal  Government  in  conjunction  with  the  State  is  engaged 
in  making  a  topographical  and  geological  survey  of  Illinois.  Pub- 
lished maps  show  this  work  in  large  areas  but  fail  to  sectionize  it. 
It  would  appear  that  tlie  value  of  the  work  would  be  greatly  enhanced 
to  the  engineer,  surveyor  and  layman  if  this  were  done.  Attention  is 
further  called  to  the  various  datum  planes  assumed  by  communities 
in  establishing  grades.  It  is  recommended  that  datum  planes  be 
referred  to  some  fixed  level  throughout  the  State.  It  would  be  con- 
venient to  use  sea  level,  and  refer  datum  planes  to  it. 

H.  H.  Bremer, 
S.  N.  Howard, 
J.  T.  Stewart. 
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provided  for  licensing  .persons  for  previous  experience,  without  sub- 
jecting them  to  examination.  Any  architect  who  could  prove  to  the 
satisfaction  of  the  board  that  he  had  been  in  good  and  reputable 
practice  at  the  time  the  bill  went  into  effect  (seven  years  ago),  was 
entitled  to  the  license.  There  were  800  applications.  The  board 
adopted  the  plan  of  acting  on  these  liberally,  because  the  license  law 
would  probably  have  been  opposed  by  the  people  if  an  architect  coidd 
not  be  found  in  any  city  or  village  of  importance.  So  licenses  were 
issued  to  700  persons;  of  these  probably  400  were  really  architects; 
the  other  300  were  contractors  and  made  plans  occasionally.  Only 
518  of  these  are  now  in  force.  The  whole  number  will  then  disappear 
in  about  20  years.  There  have  been  153  licenses  issued  after  exam- 
ination, so  that  there  are  now  671  licenses  in  force.  The  fees  were 
fixed  by  the  law  at  $15  for  examination,  and  $25  additional  when  the 
license  was  issued.  The  law  requires  the  examination  fee  to  be 
deposited  by  the  applicant;  but  it  is  returned  if  he  fails  in  securing 
a  license.  The  revenue  from  license  and  renewal  fees  ($5  a  year,  if 
paid  during  July)  have  rather  more  than  paid  the  expenses  of  the 
examination  of  the  board.  The  law  provides  for  two  examinations 
annually,  which  have  always  l)een  held,  and  three  when  found  neces- 
sary. The  examinations  continue  for  five  half  days;  each  half  day^s 
work  is  marked  on  the  basis  of  100%  for  perfect  work,  and  the  per- 
centages obtained  each  half  day  by  each  applicant  are  added  together 
and  divided  by  500,  so  that  the  average  is  taken.  For  the  seven  years, 
the  average  for  passing  the  examinations  has  been  70.  New  Jersey 
and  California  have  architects'  license  laws.  Similar  laws  were  passed 
in  Texas  and  in  New  York,  but  were  vetoed.  The  laws  of  the  first 
two  states  are  both  founded  on  that  of  Illinois.  California  has  two 
license  boards,  with  a  joint  annual  meeting,  but  the  State  is  divided 
into  two  districts.  Many  of  those  men  wlio  were  licensed  at  first 
live  in  country  districts,  and  have  no  opportunity  to  design  buildings 
of  any  great  importance,  so  that  the  hoard  did  not  run  much  risk 
in  licensing  thorn.  In  the  city,  of  course,  it  had  to  be  much  more 
careful.  Every  applicant  was  investigated  strictly  and  he  was  required 
to  name  at  least  two  buildings  of  importance  that  he  had  designed 
and  built,  as  architect;  then  the  secretary  of  the  board  in  each  case 
wrote,  to  the  owners  of  tliose  buildings,  and  made  inquiry  in  regard 
to  the  work  of  the  architect.  If  the  proofs  were  entirely  satisfactory', 
as  well  as  the  statement  of  the  applicant,  the  license  was  usually 
granted.  Some  were  considered  three  or  four  times,  and  100  were 
finally  refused.  No  young  man  enters  the  profession  without  at  least 
a  minimum  amount  of  professional  knowledge  and  experience,  so 
that  eventually  this  will  rank  as  high  as  the  medical  profession,  or  any 
other  profession  in  which  examinations  are  required. 

If  the  fees  are  renewed,  the  licenses  are  for  life.  If  an  architect 
fails  to  renew  his  fee  during  July,  the  license  is  revoked  on  Aug.  1, 
hut  there  is  no  limit  to  the  time  within  which  the  architect  can  renew 
it.     He  can  drop  it  for  any  number  of  years,  and  when  he  sends  in 
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not  allowed  to  practice  in  this  State,  but  have  their  offices  in  States 
without  a  license  law\ 

In  order  to  meet  another  possible  source  of  opposition  to  the 
license  law,  it  was  judged  necessary  that  contractors  should  be  allowed 
to  furnish  their  own  plans  and  specifications,  and  be  allowed  to  erect 
buildings  from  them;  the  responsibility  for  defective  construction 
would  l>e  then  fixed  on  the  contractor.  This  frequently  occurs  in 
places  where  there  is  no  general  building  law,  and  where  a  contractor 
will  be  employed  as  architect  by  the  owner  because  he  will  agree  to 
furnish  the  plans  free  of  charge.  The  owner  sometimes  takes  those 
plans  to  other  contractors,  for  bids,  and  lets  the  job  to  another  con- 
tractor. That,  under  the  law,  makes  the  author  of  the  plans  an  archi- 
tect practicing  without  a  license,  and  puts  him  in  the  power  of  the 
board.  In  Chicago,  this  competition  by  contractors  was  cut  off  by 
a  city  ordinance  which  requires  that  before  the  issue  of  a  building 
permit,  the  seal  of  a  licensed  architect  must  be  on  the  set  of  drawings 
and  specifications  presented  for  the  permit.  Occasionally  a  licensed 
architect  is  approached  by  a  contractor  who  has  a  set  of  plans  and 
specifications  already  prepared,  suggesting  he  act  as  consulting  archi- 
tect, examine  tliese  plans  and  specifications  and  attach  his  seal  to 
them.  In  other  words,  he  pays  him  a  fee  for  putting  on  his  seal. 
The  board  has  revoked  licenses  in  several  cases  for  this  practice. 

Mh.  Greeley:  Wiether  the  assistant  surveyor  who  goes  out  in 
the  field  shall  be  a  licensed  man  or  not  is  entirely  immaterial.  It 
may  be  well  to  have  him  so,  altlioiigh  the  best  bond  is  responsibilit}* 
of  his  employer.  I  cannot  afford  to  send  out  men  who  will  make  a 
mistake  for  which  1  shall  liave  to  pay.  The  real  question  is,  who  shall 
sign  the  certificate  of  any  given  plat?  If  I  send  out  my  assistant  with 
instructions,  he  reports  to  me,  T  look  over  his  work,  satisfy  myself, 
and  become  responsible  for  it.  I  am  the  man  to  sign  the  certificates 
for  that  plat,  and  not  the  man  whom  I  sent  out. 

Mr.  Kicker:  The  architect's  license  law  defines  a  building  as 
a  structure  having  foundations,  walls  and  roof.  A  reservoir  with 
roof  90  ft.  diameter  is  undoubted Iv  an  architectural  structure.  A 
case  occurred  concerning  large  elevators  with  cylindrical  steel  bins. 
The  board  decided  that  such  a  structure  had  foundations  and  walls, 
but  did  not  have  a  roof  witiiin  the  meaning  of  the  law;  therefore  an 
engineer  could  build  a  structure  of  that  character  without  interfering 
with  the  law,  without  requiring  a  license.  A  covered  reservoir  would 
certainly  be  under  the  law,  but  not  any  structure  that  is  entirely 
underground. 

^Ir.  John  F.  Lafferty,  of  Martinsville,  (by  letter)  :  I  commenced 
using  the  compass  and  engineering  instruments  63  years  ago.  The 
laws  should  be  changed  to  provide  that  the  surveyor  should  be 
appointed;  or  if  elected  by  tlie  people  he  should  be  examined  by  a 
competent  board,  appointed  by  the  Governor  or  the  Legislature,  and 
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one,  (at  least  in  amount  equal  to  25%  of  the  aggr^te  contract  price 
of  work  to  be  done  under  his  charge).  It  remains  to  be  seen  how 
many  of  our  drainage  engineers  will  be  able  to  furnish  such  a  bond. 
Individual  bondsmen  are  not  easy  to  obtain  and  surety  companies 
will  find  few  engineers  able  to  schedule  enough  property  to  warrant 
them  in  writing  an  indemnifying  bond. 

Four  very  important  and  praiseworthy  features  of  this  new  Iowa 
drainage  law  are:  (1)  the  one  signature  petition;  (2)  the  complete- 
ness required  in  the  preliminary  survey,  no  change  being  permitted 
after  organization  of  districts  except  by  a  repetition  of  he  whole  pre- 
liminary process;  (3)  the  centralization  of  responsibility  in  the  engi- 
neer of  construction;  (4)  the  alternative  of  payment  of  assessments 
by  property  owners  at  tlieir  election  in  either  improvement  certificates 
or  bonds. 

Because  of  the  unconstitutionality  of  the  drainage  act  which  the 
present  law  replaced,  it  seemed  desirable  to  ask  the  Supreme  Court 
of  the  State  for  an  opinion  upon  this  now  statute  before  any  liability 
should  be  incurred  bv  tlie  several  counties  in  the  construction  of  the 
large  drainage  works  now  planned.  A  test  case,  therefore,  from 
Monona  County,  in  which  other  counties  interested  have  joined,  is 
now  before  the  Court.  The  fate  of  drainage  in  Iowa  hangs  by  this 
decision. 

The  State  of  Iowa  is  substantially  a  rectangle,  whose  length  is 
a  little  over  300  miles,  and  breadth  north  and  south  200  miles, 
embracing  an  area  of  55,000  miles,  or  35,250,000  acres.  Its  topog- 
raphy is  remarkable  by  reason  of  its  continuity;  by  its  absence  of 
forest  or  timber  tracts  except  as  such  occur  along  the  margins  of  the 
larger  streams,  and  by  its  preponderance  of  prairie  land.  There  are 
few  lakes  within  the  State  and  these  are  small  in  area.  Spirit  Lake 
and  Okiiboji  Lake  in  Dickinson  County  being  the  largest.  Other 
lakes  are.  Clear  Lake  in  Cerro  Gordo  County;  Twin  Lakes  in  Cal- 
houn County;  Swan  Lake  in  Emmett  County;  Swan  Lake  in  Poca- 
hontas County;  Storm  Lake,  Buena  Vista  County;  Wall  Lake^  Sac 
County,  etc.  Many  of  these,  if  not  all,  will  ultimately  be  reclaimed  for 
agricultural  uses. 

The  drainage  of  Iowa  is  effected  by  the  Missouri  and  Mississippi 
rivers.  The  ridge  dividing  their  watersheds,  in  the  form  of  a  crescent 
which  is  concave  toward  the  east,  begins  at  a  point  on  the  Minnesota 
line,  about  two-thirds  the  length  of  the  State  from  the  Mississippi 
river,  curves  gently  south  and  southeasterly  to  the  Missouri  line  at  a 
point  about  midway  across  the  State.  The  elevation  of  the  northern 
end  of  this  dividing  ridge  is  1694  ft.  above  sea  level ;  of  the  southern 
end,  is  1020  ft.  above  sea  level;  the  average  progressive  change  of 
elevation  being  approximately  2%  ft.  per  mile.  The  lowest  elevation 
in  the  State  is  low  water  at  Keokuk,  which  is  444  ft.  above  sea  level. 
West  of  this  ridge  the  natural  streams  flow  southwesterly  to  the 
Missouri  river;  east  of  it  the  natural  streams  flow  southeasterly  into 
the  Mississippi  river. 
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somewhat  higher  than  the  actual  conditions  warrant/'  From  a  review 
of  the  cost  of  reclamation  in  Illinois  where  the  highest  charge  per 
acre  was  $16  (which  included  a  pumping  system  in  addition  to  the 
gravity  channels),  and  the  lowest  was  75  cts.,  the  writer  would  place 
the  fair  average  cost  of  reclamation  for  the  State  of  Iowa  at  $9  per 
acre.  Assuming  the  cost  of  drainage  at  $9,  items  (12)  and  (13) 
above  would  read  $36,561,195,  and  $369,674,305  respectively. 

A  few  points  which  are  suggested  from  the  writer's  observations 
and  studies  in  drainage  work  in  Iowa  are  the  follo\\dng: 

(1)  That  a  great  deal  of  the  work  which  has  been  done  during 
the  past  year  and  is  still  being  done  is  of  little  permanent  value. 
For  example,  hundreds  of  miles  of  what  is  known  as  "capstan  plow 
drains"  have  been  made,  whose  effective  depth  is  less  than  3  ft.  These 
are  being  used  as  outlets  for  tile  drainage  and  of  course  while  as 
such  they  may  be  efficient  for  a  few  special  seasons,  yet  it  will  be  a 
matter  of  but  short  duration  until  through  silting  and  bursting  by 
frost  the  tile  drains  become  worthless.  Drainage  engineers  should 
condemn  the  practice  of  using  or  recommending  the  capstan  ditch 
as  an  outlet  for  tile  underdrainage.  Capstan  ditches  are  of  temporary- 
utility  at  best  and  are  effective  as  superficial  drains  only  for  the 
economical  and  rapid  removal  of  shallow  areas  of  water. 

(2)  There  is  a  lack  of  appreciation  of  the  value  of  depth  in  the 
design  of  open  and  closed  drains;  the  practice  is  to  make  them  too 
shallow,  an  average  of  four  feet  and  even  less  being  common  as  main 
outlets  for  districts  whose  drainage  areas  are  from  three  to  five  miles 
in  width.  Drainage  engineers  who  refrain  from  making  their  chan- 
nels of  ample  cross-section  because  of  fear  of  high  initial  cost  from 
large  yardage  should  study  the  liistory  of  drainage  in  Ohio,  Indiana 
and  Illinois,  and  learn  tliat  it  is  bad  economy  and  worse  engineering 
to  design  insufficient  channels. 

(3)  A  source  of  trouble  which  must  be  provided  for  in  Iowa 
underdrainage  is  the  nuiskrat,  who  finds  a  large  tile  drain  a  most 
congenial  home  after  his  swamp  house  lias  been  taken  from  him. 
Protection  in  this  particular  can  be  effected  in  several  ways  and  should 
not  be  omitted. 

(4)  The  size  of  underdrains  and  the  intervals  at  which  they 
are  laid  is  a  matter  which  has  not  been  given  the  attention  which  it 
should  have  in  Iowa.  Taking  the  soils  of  Pocahontas  and  Kossuth 
Counties  as  examples,  it  will  be  found  the  average  effective  diameter 
of  the  soil  grain  is  0.045  m.m.,  while  for  McLean  County,  Illinois, 
it  is  0.031  m.  m.  Under  similar  conditions  therefore,  the  conductivity, 
or  rate  of  flow  through  a  section  of  each,  would  be  approximately  in 
proportion  to  the  squares  of  their  diameters,  or  as  0.002025  is  to 
0.009610;  that  is  to  say,  the  Pocahontas  County  soil  would  permit 
nearly  five  times  the  quantity  to  flow  in  a  given  time  than  the  McLean 
County  soil;  which  when  practically  applied  means  that  underdrains 
can  be  spaced  at  fiYQ  times  greater  intervals  in  Pocahontas  County 
than  in  McLean  County,  Illinois.     At  present  there  is  little  to  be 


66  Illinois  Society  of  Engineers  and  Surveyors. 


V 


HOW  TILE  DRAINAGE  IMPROVES  A  SOIL. 

BY  A.  B.  ALEXANDER   ( MEMBER). 


Draining  a  soil  consists  in  removing  either  naturally  or  artificially 
the  surplus  water  from  the  soil;  hence  a  drained  soil  is  one  which  is 
moist  but  not  saturated  with  water.  A  perfectly  dry  soil  is  dead.  It 
is  worthless  for  producing  plants,  except  those  which  derive  their 
nutriment  from  the  atmosphere  alone.  A  soil  that  is  completely 
saturated  with  water  will  produce  nothing  but  aquatic  plants,  and 
hence  is  worthless  for  farm  products.  The  nutriment  which  plants 
take  from  the  soil  is  in  liquid  form  only,  it  having  been  prepared 
by  chemical  action  brought  about  by  the  union  of  heat  and  moisture 
with  the  elements  present.  An  excess  of  moisture  reduces  the  tem- 
perature, excludes  the  air,  and  dilutes  the  plant  food,  thus  retarding 
or  entirely  stopping  the  growth  of  the  plant  as  effectually  as  is  done 
when  the  soil  is  too  dry.  Therefore,  in  order  for  the  soil  to  produce 
to  its  fullest  extent,  it  must  be  supplied  with  moisture,  or  have  a 
superabundance  removed  from  it,  as  the  case  may  be.  In  central 
Illinois  the  latter  is  usuallv  the  case,  and  in  order  to  remove  this 
excess  of  moisture,  there  is  no  better  way  yet  known  than  through 
tile  drains,  properly  laid  beneath  tlie  surface. 

Some  of  the  best  drained  soils  are  so  by  nature.  They  are  under- 
laid with  a  stratum  of  material  which  gives  free  egress  to  surplus 
water  and  is  composed  of  elements  which  respond  readily  to  the 
efforts  of  the  cultivator.  On  the  other  hand,  there  are  soils  just  as 
rich  in  natural  fertility,  but  unproductive,  because  under  all  ordinary 
circumstances  thev  contain  too  much  water.  Their  natural  location 
is  such  that  they  arc  saturated  beyond  the  point  required  for  profitable 
plant  growth.  Such  soils  should  be  artificially  drained.  This  only 
will  develop  their  fertility  and  make  them  profitable.  Whether  the 
excess  of  soil  water  comes  from  rainfall  direct,  or  from  seepage  of 
soils  which  occupy  a  higher  level,  the  surplus  must  be  removed  before 
the  soil  will  be  in  proper  condition  for  plant  growth.  Underdrainage 
is  far  better  than  surface  drainage,  for  the  reason  that  surface 
drainage  removes  the  water  from  the  land  before  it  enters  the  soil, 
or  at  least  before  it  penetrates  farther  than  the  surface  layer,  while 
imderdrainage  removes  surplus  water  by  taking  it  downward  through 
the  soil  and  away  from  it  by  means  of  natural  or  artificial  channels 
within  the  soil.  Sufficient  surface  drainage  should  be  provided  to 
insure  the  completion  of  the  work  of  underdrainage.  The  advantage 
of  removing  the  surface  water  down  through  the  soil  is  to  retain 
everything,  not  permitting  the  finest  and  most  fertile  parts  to  be 
carried  off  with  every  considerable  rainfall.  Any  manure  or  other 
fertilizer  deposited  upon  the  soil  is  carried  into  it  with  the  water  as 
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The  question  is  often  asked,  ^^Will  it  pay  to  imderdrain  clay 
soils?''  Such  soils  are  characterized  by  exti^me  fineness  of  texture 
and  by  great  retentive  power  for  water.  Their  particles  are  the  finest 
of  all  soil  particles,  hence  in  order  to  make  a  soil  of  this  kind  pro- 
ductive it  is  necessary  to  remove  the  water  out  of  the  soil  and  allow 
the  air  to  get  in.  The  only  way  to  accomplish  this  is  through  a  ajBtem 
of  underground  drains.  While  the  yield  per  acre  on  the  clay  soil 
would  not  be  as  great  as  on  black  soil,  yet  the  proportional  increase 
of  thorough  underground  drainage  of  clay  soil,  will  be  as  great  per 
acre  as  that  of  the  black  soil.  Heavy  clay  soils  require  more  labor 
and  more  tile  to  do  thorough  work,  but  the  added  profit  realized  from 
the  increased  yield  of  products  will  return  to  the  owner  the  cost  of 
underdrainage  in  two  or  three  years  at  most.  After  that  the  increased 
yield  is  an  added  gain  each  year. 

The  efficiency  of  draining  any  soil  depends  largely  upon  the 
location  and  construction  of  the  drains.  The  outlet  should  be  well 
protected  and  kept  in  good  repair  at  all  times.  The  ditches  should  be 
straight  where  possible  and  excavated  to  a  true  grade;  good  tile  only 
should  be  used  and  great  care  sliould  be  taken  to  lay  them  in  the 
trenches  properly. 
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The  order  creating  the  district  was  entered  Aug.  5,  1887.  Mr. 
A.  E.  Rutledge,  of  Rockford,  was  the  first  engineer  employed  by  the 
commissioners  and  he  remained  as  engineer  for  the  district  until  the 
completion  of  the  original  construction  work.  The  boundaries  of 
the  district  and  the  general  arrangement  of  the  ditches  remain  about 
as  they  were  originally  established  though  the  size  and  depth  of  the 
more  important  ditches,  as  recommended  by  the  engineer,  were  arbi- 
trarily reduced  by  the  action  of  the  Commissioners  or  by  the  court. 
As  an  example  of  this  action,  it  was  recommended  that  the  main  ditch 
should  have  a  bottom  of  50  ft.  and  it  w^as  to  be  extended  to  Bing- 
hampton  where  two  dams  were  to  be  removed.  This  bottom  width 
was  reduced  to  about  18  ft.  and  the  excavation  stopped  at  a  point 
about  two  miles  above  Binghampton,  the  dams  remaining  imdis- 
turbed.  The  widths  and  of  course  the  fall  of  the  more  important 
tributaries  Avere  correspondingly  decreased.  In  justice  to  Mr.  Rut- 
ledge,  these  facts  should  be  borne  in  mind,  otherwise  the  matter 
following  might  be  considered  as  a  criticism  of  his  work,  an  action 
which  the  facts  certainly  would  not  justify. 

In  a  very  short  time  it  became  evident  that  the  outlet  was  not 
sufficient  to  give  the  relief  sought  and  various  efforts  were  made  to 
improve  the  conditions.  Work  amounting  to  over  $10,000  was  done 
at  one  time  by  private  enterprise*  with  a  view  to  increasing  the  width 
of  the  rock  cut  at  Inlet.  In  189G-97,  the  main  ditch  was  enlarged 
and  extended  to  Binghampton.  It  now  has  a  bottom  width  of  about 
:^0  ft,  and  is  5V^  miles  in  length.  It  has  a  fall  of  a  trifle  over  1  ft. 
to  the  mile.    The  following  figures  are  a})})roximately  correct: 

Area    of    district 30,0<X)  acres 

Taxable  value  of  lands  in  188(5 $183,769 

Estimated  sale  value  of  lands  in  188(> 300,000 

Estimated  sale  value  of  lands  in  1905 2,100.000 

(Above  is  exclusive  of  improvements.) 

Increase  in  land  values 1,800,000 

Cost  of  drainage  work  to  date 197,000 

Average  cost  of  drainage  per  acre $6.57 

Maximum  cost  of  drainage  per  acre 10.50 

Length  of  main  outlet  ditch 5 J/^  miles 

Total  of  all  ditches 57  miles 

The  abov(»  tijLc^ires  apply  only  to  the  work  done  by  the  drainage 
district.  A  number  of  small  ditches  have  hocui  dug  by  private  enter- 
prise and  a  large  amount  of  tile  has  been  laid.  Practically  all  of  the 
land  of  the  district  must  bo  provided  with  artificial  sub-drainage 
before  it  can  be  cultivated  to  the  best  advantiigt*.  Owing  to  the 
varying  depths  of  the  porous  sub-soil  in  different  parts  of  the  district, 
there  is  a  wide  variation  in  the  (*ost  per  acre  for  tiling,  bnt  it  is 
probable  that  $5  would  be  a  fair  estimate  of  the  average  CH)8t. 

The  principal  difficulties  with  which  the  district  now  has  to  con- 
tend are  as  follows:  1,  e.\c(»ssive  fall  in  the  upper  reaches  of  tribu- 
taries (amounting  in  souie  cases  to  10  ft.  per  mile),  causing  erosion 
of  banks,  cutting  of  new  channels  and  destruction  of  crops  and  damage 
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seeing  a  set  of  specifications  for  drainage  ditches  that  did  not  call 
for  a  slope  of  at  least  1  to  1^  nor  do  I  recall  seeing  a  single  piece  of 
work  done  in  the  ordinary  way,  with  a  dipper  dredge,  that  had  such 
a  slope.  Fairly  good  slopes  are  dug  by  railway  steam  shovels  in 
cuts  not  exceeding  10  or  12  ft.  in  depth.  Why  cannot  the  same  result 
be  obtained  in  drainage  ditches?  I  am  afraid  that  the  extreme  per- 
suasive powers  of  contractors  have  something  to  do  with  .this.  How 
often  has  the  generous  contractor  offered  to  take  out  oven  more  than 
the  required  yardage  without  extra  compensation,  if  he  may  be  allowed 
to  dig  his  ditch  with  vertical  banks.  No  great  study  is  necessary  to 
find  the  results,  which  will  be  frequent  caving  of  the  banks,  restric- 
tion of  the  stream  at  that  point,  or  worse  yet,  the  transportation  of  the 
material  to  some  point  where  the  carr}'ing  capacity  of  the  ditch  is 
alreadv  overtaxed  and  the  formation  of  a  bar  where  the  current  is 
checked. 

Little  material  encountered  in  drainage  work  will  stand  at  a 
slope  of  less  than  1  to  1  if  subjected  to  the  action  of  weather  and 
running  water,  and  most  material  requires  a  slope  of  1^4  or  2  to  1  for 
a  permanent  slope.  Kailway  men  demonstrated  this  years  ago,  while 
those  in  charge  of  projects  more  closely  resembling  drainage  work 
(such  as  levees  and  canals)  have  adopted  slopes  of  2  or  3  to  1.  The 
following  is  my  ideal  of  a  six-foot  drainage  ditch  requiring  a  cross- 
sectional  area  of  75  sq.  ft.  for  ordinary  flood  water  and  twice  that 
for  maximum  flood  water:  Depth,  6  ft.;  bottom  width,  1  ft.;  slopes 
2  to  1 ;  top  width,  25  ft. ;  berm,  8  ft.  Waste  banks  to  be  dressed  down 
to  a  height  of  2^^  ft.  and  sodded.  The  waste  banks  and  berm  could 
then  be  used  as  pasture  or  hay  land,  but  should  never  be  cultivated. 

Various  methods  were  employed  in  the  construction  of  the  smaller 
ditches,  some  of  them  being  dug  by  hand  or  by  teams  and  scrapers 
but  the  bulk  of  the  work  was  done  by  dipper  dredges  on  barges.  The 
contracts  for  the  licavv  work  were  lot  at  10  to  11  cts.  for  earth  and 
80  cts  for  solid  rock. 

I  have  been  operating  for  the  past  season  an  excavating 
machine  of  a  comparatively  new  type.  It  is  a  land  machine  known 
as  the  Jacobs  steel  excavator.  The  machine  spans  the  ditch,  the 
digging  being  done  by  two  buckets  which  travel  across  the  line  of 
the  ditch  on  adjustable  runaways  or  guides.  My  machine,  as  adjusted 
at  present,  will  dig  a  ditch  8i/>  ft.  deep  with  a  6  ft.  bottom  and 
slopes  of  1^^  to  1.  It  can  be  adjusted  to  any  slope  or  width  up  to  a 
top  width  of  33  ft.  The  buckets  take  out  a  cut  of  4  ft.  in  width  at 
each  move.  The  feed  of  the  buckets  is  controlled  by  four  screws  which 
are  geared  to  the  engine  by  link  belts.  While  one  bucket  is  traveling 
up  the  runway  and  dumping,  the  guides  are  lowered  by  the  screws 
so  that  a  full  cutting  is  taken  by  the  returning  bucket.  The  work 
last  season  was  the  construction  of  a  ditch  with  6  ft.  bottom  and 
slopes  of  11/^  to  1;  average  depth,  5  ft.  The  route  followed  an  old 
ditch  for  a  considerable  distance,  which  made  it  necessary  to  do  some 
blocking.     The  yardage  was  of  course  reduced  by  this  old  ditch. 
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REPORT  OF  THE  COMMITTEE  ON  DRAINAGE. 

From  1894  to  1901,  inclusive,  was  a  period  of  very  low  minfall 
throughout  the  Mississippi  valley  and  especially  so  throughoat  the 
State  of  Illinois.  Prior  to  that  time  landowners  in  Illinois  had  been 
very  active  in  carrying  out  large  drainage  schemes  by  organizing 
drainage  districts  and  also  detail  drainage,  both  open  and  tiling.  A 
large  amount  of  work  accomplished  prior  to  that  time  and  a  succession 
of  dry  years  led  the  farmers  of  Illinois  to  believe  that  thorough 
drainage  had  been  accomplished  and  in  many  localities  that  the  work 
had  been  overdone.  The  wet  years  of  1902,  1903  and  1904  resulting 
in  a  large  reduction  in  the  productiveness  of  flat  and  partially  drained 
lands,  has  set  many  farmers  throughout  the  state  actively  at  work  to 
improve  the  drainage  of  their  lands  and  has  increased  the  volume  of 
drainage  business  very  greatly. 

A  prominent  form  of  drainage  work  which  is  now  in  progress  in 
Illinois  is  the  straightening  and  deepening  of  the  smaller  streams  and 
rivers  and  leveling  against  overflow  in  the  Illinois  River  valley  and 
some  of  the  other  principal  rivers.  Among  some  of  the  important 
works  now  under  progress  or  completed  is  the  straightening  of  the 
Green  River  in  Hcnrv  and  Bureau  counties  at  an  estimated  cost  of 
nearly  $1,000,000;  the  straightening  for  14  miles  of  Salt  Creek  in 
Mason  and  Menard  counties,  and  tlio  straightening  of  12  miles  of 
the  Sangamon  River  in  Mason  C-oimty.  The  Green  River  improve- 
ment is  reported  as  about  ready  for  receiving  bids  and  the  other  two 
are  under  consideration.  The  Cache  River  straightening  was  the 
subject  of  a  paper  read  to  this  Society  a  year  ago.  A  number  of 
drainage,  and  levee  districts  have  been  projected  or  organized  for 
reclaiming  from  overflow  the  lands  in  the  Illinois  River  bottom.  Of 
those  which  were  constructed  prior  to  1902  the  condition  of  three 
districts  is  fairlv  well  known  to  your  Committee.  First,  the  Pekin 
and  Ija  Marsh  Drainage  District  containing  about  2,000  acres,  was 
organized,  levees  and  ditclies  constructed  and  pumping  plant  installed 
about  16  years  ago.  The  Tjacey  Drainage  and  Levee  District  in 
Fulton  County,  opposite  Havana,  was  constructed  soon  after,  and 
pumping  plant  was  installed  about  the  year  1900.  The  Coal  Creek 
Drainage  and  Ijcvee  District,  opposite  Boardstown,  was  organized 
and  levee  completed  about  eight  years  ago.  The  interior  ditches 
were  constructed  and  pumping  plant  installed  about  the  same  time. 
In  1902  the  levee  at  the  upper  end  of  both  the  Pekin  and  La  Marsh 
Drainage  and  Levee  District  and  the  Ijacey  Drainage  and  Levee  Dis- 
trict broke  and  the  lands  within  were  flooded.  The  Pekin  and  La 
Marsh  Drainage  District  has  not  yet  been  repaired  and  during  the 
high  waters  of  1902,  1903  and  1904,  the  wave  action  upon  the  inside 
of  levee  practically  destroyed  it.    During  the  year  of  1903  the  Lacey 
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work  was  let  at  7  to  13  cts.  per  cu.  yd.  according  to  height,  but  the  con- 
tractors proved  irresponsible  and  the  work  was  finished  at  25  cts.  per  yd., 
making  the  estimated  average  cost  12  cts.  for  the  entire  work.  The  levee 
was  finished  with  an  8-ft.  top. 

The  Pekin  and  La  Marsh  district  covers  2,500  acres.  The  levee  was 
constructed  without  any  special  preparation  of  the  bottom,  river  slope  1.5 
to  1,  land  slope  1  to  1,  with  3  ft.  top.  This  work  was  done  by  scrapers 
at  a  cost  of  12.5  cts.  per  cu.  yd.,  though  for  some  bad  sections  25  cts.  per 
yd.  was  paid.  The  first  2  ft.  in  depth  of  the  surface  are  composed  of  sand 
and  silt  through  which  the  water  seeps  quite  badly.  The  immediate  cause 
of  failure  of  both  the  levees  just  described  was  their  lack  of  height  With 
reference  to  the  lessons  which  those  immediately  concerned  in  their  con- 
struction have  drawn  from  the  failures,  I  will  quote  the  conclusions  first 
of  Mr.  Lyman  Lacey: 

"Levees  should  be  built  with  3  to  1  slopes  on  both  sides  and  with  a 
top  width  of  8  ft.  After  the  work  is  done  the  slopes  should  be  harrowed 
and  fertilized,  then  sown  with  2  bushels  of  blue  grass  and  4  bushels  of  red 
top  per  acre  and  afterward  rolled.  When  the  grass  has  grown,  pasture  the 
levees  when  not  soft,  as  the  tramping  keeps  the  surface  firm.  Weeds  should 
not  be  allowed  to  grow  for  they  die  and  loosen  the  earth  when  they  decay. 
Willows  should  be  planted  a  short  distance  from  the  foot  of  the  levee  for  a 
wave-break.  A  ditch  2  ft.  deep  should  be  dug  10  ft  inside  the  foot  of  the 
levee  to  carry  seepage  water  to  the  drain  ditches." 

Second,  those  of  Mr.  H.  W.  Mattheessen,  commissioner  of  the  Pekin 
and  La  Marsh  district,  who  says: 

"Foundations  for  embankments  should  be  grubbed  and  cleared  of  all 
vegetable  matter,  plowed,  and  a  small  ditch  made  in  the  center^  the  levee 
constructed  with  2.5  to  1  and  1.5  to  1  slopes  with  an  8  ft  top  which  should 
be  used  as  a  road  and  sown  to  grass.  Willows  should  be  planted  along  the 
outside  50  ft  from  the  levee.  No  weeds  or  bushes  should  be  allowed  to  grow 
on  the  banks  as  they  loosen  the  surface  and  protect  burrowing  animals. 
Pasturing  keeps  the  surface  solid,  diminishes  the  risk  from  the  work  of 
the  crayfish,  and  keeps  the  surface  clean  so  that  animals  working  in  the 
bank  can  be  seen.  Using  the  top  as  a  roadway  prevents  moles  from  working 
in  it  and  dogs  accompanying  farmers  who  pass  back  and  forth  scare  small 
animals  away." 

The  Coal  Creek  levee  district  near  Beardstown  is  interesting  from  the 
fact  that  the  levee  was  constructed  with  a  2.5  yd.  dipper  dredge.  The 
district  contains  7,000  acres.  The  height  of  the  levee  is  3  ft.  above  the 
high-water  plane  of  1844,  22.4  ft.  above  present  low-water  mark.  The  speci- 
fications required  it  to  have  a  slope  of  3  to  1  on  the  outside  and  2  to  1  on 
the  inside,  with  a  berm  of  20  ft ;  no  special  width  on  top.  All  the  earth  was 
excavated  from  the  outside.  The  main  difficulty  experienced  in  construction 
was  that  the  earth  when  dropped  by  the  dipper  spread  out  and  the  entire 
height  could  not  be  made  at  one  passage.  It  was  necessary  for  the  dredge 
to  pass  over  the  work  three  times  in  order  to  construct  the  levee.  The  work 
was  taken  at  9  cts.  per  cu.  yd.  for  600,000  yds.,  but  it  is  estimated  that  fully 
1,000,000  yds.  of  earth  were  placed  in  the  levee.  The  foundation  of  the  levee 
and  the  borrow  pit  were  cleared,  stumps  dynamited  and  pulled,  and  all  roots 
taken  out  to  a  depth  of  3  ft.  The  timber  was  cut  and  piled  upon  the  berm. 
The  levee  as  built  by  the  dredge  is  rough  and  irregular  both  on  top  and  on 
the  slopes,  caused  by  dumping  2.5  yds.  of  earth  at  a  time.  In  finishing,  many 
places  were  a  little  low  and  it  required  only  a  small  amount  of  material 
to  fill  them,  while  the  whole  dipperful  was  dropped.  The  result  was  a 
tendency  of  the  banks  to  run  and  slide  while  under  construction.  The  soft 
condition  of  the  material  when  dug  out  of  the  water  makes  the  embankment 
ultimately  more  compact  and  solid  than  when  dry  earth  is  deposited  by 
scrapers.  This  dredge  levee  at  the  end  of  the  first  year  showed  a  shrinkage 
of  only  2%,  and  at  the  end  of  the  second  year,  none.     Scraper  work  usually 
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flood  height.  Again,  as  to  section,  the  value  of  the  broad  base  and  flat 
slope  appears  when  the  levee  is  called  upon  to  resist  the  water  for  a  long 
time.  A  levee  which  will  successfully  resist  a  flood  for  a  week  will  fail  if 
subjected  to  the  same  conditions  for  four  weeks  because  the  water  softens 
the  material  and  makes  the  entire  levee  less  stable.  In  establishing  these 
points,  it  is  well  to  consider  the  possible  loss  that  would  accrue  to  property 
by  reason  of  one  failure  and  compare  it  with  the  additional  expense  of  making 
the  levee  as  stable  as  good  practice  in  engineering  would  dictate.  The 
material  usually  found  along  the  river  is  good  for  levee  construction  provided 
the  surface  soil  be  properly  prepared  and  the  seepage  through  it  cut  oflf  in 
the  way  above   indicated. 

I  take  the  liberty  of  referring  you  to  what  has  been  adopted  as  the 
standard  section  for  the  levees  of  the  Mississippi,  described  in  a  paper  in 
volume  39  of  the  Transactions  of  the  American  Society  of  Civil  Engineers, 
together  with  discussions  upon  the  same  by  various  members  of  the  Society. 
The  section  given  for  levees  8  ft,  high  is  3  to  1  slope  on  the  river  side  and 
2.5  to  1  on  the  land  side,  with  a  top  width  of  8  ft.  For  levees  11  ft  high, 
both  slopes  are  3  to  1  with  a  reinforcement  called  a  "banquette"  on  3ie 
land  side.  A  top  width  of  8  ft.  is  standard  for  all  heights  of  levees.  It  has 
generally  been  conceded  that  they  should  be  built  3  ft.  higher  than  the 
high-water  plane. 

Another  subject  is  tlic  matter  of  the  construction  and  mainte- 
nance of  open  dredge  ditches  where  the  soil  or  subsoil  or  both  are 
water  bearing  sand  or  quicksand.  There  are  many  situations  where 
drainage  is  required  where  there  will  be  found  a  top  soil  of  1  to  6  ft. 
deep  underlaid  with  water-bearing  sand.  In  order  to  have  an  effective 
drainage  it  has  been  found  that  open  ditches  should  not  be  less  than 
about  6  ft.  deep  to  provide  for  adequate  outlets  for  tile  drains  above 
the  ordinary  stage  of  the  water  in  open  ditches.  In  some  localities 
much  difficulty  has  been  experienced  in  digging  such  ditches  to  grade 
and  maintaining  them  at  grade.  This  subject  was  also  investigated 
by  the  United  States  Department  of  Agriculture  under  the  direction 
of  Mr.  Elliott,  and  the  following  observations  of  ditches  constructed 
in  the  southeastern  part  of  ^lissouri  are  taken  from  the  report  pre- 
pared from  such  data: 

In  the  construction  of  drainage  ditches  in  this  section  of  the  country 
it  has  been  the  custom  of  contractors  to  make  the  ditches  1  to  2  ft.  wider 
on  the  bottom  and  about  1  ft.  deeper  than  specified.  The  contractors  would 
rather  provide  for  the  disposal  of  caving  material  in  this  way  than  to  go 
over  the  work  again  and  clean  out  the  material  that  may  have  fallen  in. 
In  some  cases  it  is  necessary  to  do  this,  but  in  the  majority  of  cases  very 
little  material  falls  into  the  ditches  during  construction,  so  that  most  of 
them  when  accepted  by  the  engineer  arc  larger  and  deeper  than  specifled. 
As  most  of  the  trouble  arising  from  caving  occurs  during  the  spring 
immediately  following  the  heavy  frosts,  it  is  seasonable  with  the  high  water. 
Where  the  ditches  arc  given  sufficient  grade,  the  material  that  sloughs  away, 
or  most  of  it,  is  carried  away  in  suspension,  so  that  in  most  cases  a  ditdi 
made  1  ft.  deeper  than  called  for  in  the  specifications  generally  requires 
one  to  three  years  to  bring  it  to  grade. 

From  statements  of  various  contractors  and  landowners  it  is  learned 
that  a  ditch  with  a  fall  of  18  ins.  or  more  to  the  mile  will  keep  its  channel 
comparatively  free  from  filling  up.  Where  it  has  been  possible  to  get 
such  a  fall  and  a  free  outlet,  the  future  maintenance  of  the  work  is  regarded 
as  a  very  minor  proposition.     In  such  a  case  the  cross  section  of  a  ditch 
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will  change  materially,  but  its  carrying  capacity  and  efficiency  will  undergo 
little  or  no  change.  So  far,  it  has  been  impossible  to  obtain  cross  sections 
of  the  original  ditches,  and  the  comparisons  made  are  between  ditches  of 
the  same  size  and  depth  and  through  the  same  kind  of  material.    The  main 
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ditches  are  nearly  all  the  same  size.  All  the  dredge  ditches  are  very  similar 
in  cross  sections  immediately  after  construction,  so  the  comparison  in  Fig.  1, 
although  the  figure  is  a  composite  of  two  ditches,  is  a  fair  representation 
of  the  change  in  shape  two  years  after  construction  of  a  ditch  having  a  fall 
of  18  ins.  per  mile.     Mr.   Ehmerine,  the  dredge  foreman  who  constructed 
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this  ditch,  says  that  when  accepted  by  the  engineer  it  was  0.6  to  1  ft  below 
grade.    At  the  end  of  two  years  this  ditch  is  found  approximately  at  grade. 

Fig.  2  is  a  cross  section  of  a  ditch  on  a  grade  of  1.2  ft  per  mile.  It 
was  excavated  about  3  ft.  into  the  sand,  being  made  a  little  deeper  into  that 
stratum  than  the  ditch  shown  in  Fig.  1.  This  ditch  was  excavated  about 
0.8  ft.  lower  than  grade,  but  before  accepted  by  the  engineer  it  was  practically 
at  grade,  due  to  the  running  in  of  the  fine  sand.  At  that  time  the  ditch 
was  supposed  to  have  taken  permanent  shape,  but  its  present  appearance 
suggests  that  by  reason  of  water  action  the  sand  was  brought  into  the 
ditch  in  the  way  shown  by  Fig.  2,  before  the  side  slopes  had  caved  in. 
When  this  material  fell  in,  there  was  not  sufficient  current  to  carry  it  away, 
and  the  bottom  sand  being  covered,  further  scouring  was  checked.  Though 
this  ditch  had  been  constructed  only  a  little  over  a  year,  preparations  are 
now  being  made  to  clean  it  out  and  deepen  it.  Such  an  improvement  has 
been  made  impossible  by  reason  of  additional  drainage  work  which  has 
been  done  below  the  outlet,  thus  securing  a  lower  point  of  discharge. 

Fig.  3  shows  a  ditch  constructed  through  practically  the  same  material 
as  that  shown  in  Fig.  2,  but  with  a  greater  grade.  In  this  case  the  grade 
has  produced  a  velocity  of  flow  sufficient  to  not  only  carry  away  the  material 
that  has  fallen  into  the  ditch  but  to  enlarge  that  part  of  the  ditch  which  is 
in  sand.  The  ditch  is  owned  by  the  Johnson  Land  Co.,  Scott  County,  Mo. 
The  only  trouble  experienced  in  its  maintenance  has  been  in  keeping  it 
clear  from  bars  or  drifts.  Since  the  occupation  of  the  land  on  both  sides 
of  the  ditch,  little  or  no  trouble  has  been  experienced.  The  company's 
instructions  to  renters  fully  cover  the  maintenance  of  the  ditch  and  require 
that  such  obstructions  as  would  form  sand  bars  or  drifts  be  promptly 
removed.  A  ditch  of  this  kind  is,  however,  an  exception,  since  this  level 
country  does  not  as  a  rule  admit  of  such  heavy  grades. 

It  is  argued  that  as  long  as  it  is  necessary  to  go  over  the  ditches  at 
least  once  after  construction,  it  is  cheaper  to  dispose  of  caved  material  at 
that  time  than  to  raise  the  contract  price  of  the  work  by  inserting  clauses 
in  the  specifications  requiring  the  contractor  to  make  the  section  of  the 
ditch  large  enough  to  allow  for  such  caving  as  may  take  place.  It  is  the 
general  opinion  that  ditches  to  remain  efficient  must  be  cleaned  out  about 
every  third  year.  This  has  lead  to  a  laxity  in  the  framing  of  specifications 
and  the  general  construction  of  ditches.  Dredge  men  have  a  decided 
preference  for  work  in  this  section  as  the  sand  encountered  causes  very 
little  trouble  or  expense  in  moving.  In  several  instances  it  has  been 
necessary,  in  cutting  through  ridges,  for  the  contractor  to  go  over  that 
particular  piece  of  work  two  or  three  times,  but  this  is  no  great  hardship 
as  the  distances  where  it  is  necessary  to  do  this  are  invariably  short,  and 
as  before  stated,  where  the  ditch  has  sufficient  fall  the  maintenance  in  such 
places  is  a  minor  consideration. 

The  construction  and  present  appearance  of  these  ditches  suggest: 

1.  That  the  cross  section  of  ditches  in  this  locality  is  not  materially 
changed  on  account  of  the  sand  encountered. 

2.  That  in  ditches  having  a  fall  of  more  than  1.5  ft.  per  mile,  it  will 
not  be  necessary  to  clean  out  the  material  that  has  fallen  in,  oftener  than 
once  in  three  years. 

3.  That  where  ditches  do  not  have  this  great  a  fall,  it  is  necessary 
to  clean  out  the  caved  material  the  first  year  following  construction. 

4.  That  with  a  wider  berm  and  a  more  strict  adherence  to  proper 
slopes  and  the  disposal  of  excavated  material,  the  caving  of  material,  which 
seriously  affects  the  flow  of  water,  would  in  a  great  measure  be  averted. 

The  Committee  requested  Mr.  J.  L.  Clark,  one  of  the  older  mem- 
bers of  the  Society,  to  write  a  paper  from  his  own  observations, 
opinion  and   experience  upon  this  matter  of  the  construction  and 
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DISCUSSION  OX  DBAINAGE. 

Mr.  a.  H.  Bell:  About  18  years  ago  I  engineered  a  drainage 
district  in  Mason  and  Tazewell  counties  embracing  some  35,000  acres. 
There  was  one  main  ditch  cut  that  was  40  ft.  on  the  bottom  and  60 
ft.  on  top  (those  were  about  the  average  dimensions),  which  had  a 
fall  of  about  l^/^  ft.  to  the  mile.  Then  there  were  four  lateral  ditches 
ranging  from  30  to  40  ft.  on  top.  That  main  ditch  has  kept  itself 
in  good  condition  until  within  the  last  few  years.  Then  they  allowed 
willow  trees  to  grow,  and  within  the  last  year  they  have  contracted 
with  a  dredge  boat  firm  to  clean  it  out.  The  lateral  ditches  have 
maintained  themselves  without  anv  trouble.  That  was  the  first  work 
that  I  know  of  done  in  this  State  by  dredge  boats  in  the  way  of 
land  drainage.  The  land  was  not  worth  more  than  $10  or  $15  an 
acre,  but  within  li/>  years  after  those  ditches  were  dug,  that  land 
was  worth  $50  or  $60,  and  it  is  now  worth  from  $125  to  $150. 
Mr.  Harman  spoke  of  the  Green  River  district,  that  is  in  Henry  and 
Bureau  counties.  They  propose  to  cut  a  ditch  23  miles  long,  80  ft. 
wide  on  top  and  increasing  to  110  ft.  There  are  10  or  12  smaller 
laterals  coming  into  this  ditcli,  making  about  4,500,000  cu.  yds.,  at 
an  estimated  cost  of  about  $420,000.  This  work  is  proposed  to  protect 
about  34,000  acres  from  overflow. 

The  soil  in  Mason  County  is  a  black  prairie  soil  about  4  ft.  deep, 
and  under  that  was  a  wliite  water-bearing  sand.  A  great  deal  of  it, 
in  fact,  was  quicksand.  There  was  not  much  difficulty  in  holding 
the  ditch  to  grade.  The  contractor  did  have  to  dig  somewhat  deeper, 
probably  V/^  ft.  below  grade  wherever  lie  struck  what  w^as  practically 
(juicksand.  It  ran  in,  but  after  he  got  down  into  it,  the  weight  of 
the  banks  seeiii(»d  to  press  down  and  cut  it  off.  As  to  dredged  ditches 
in  Illinois,  I  know  of  very  few  eases  wjiere  they  have  had  to  be 
cleaned  out. 

Mu.  W.  P.  Cjlvsk:  Clinton  County,  Iowa,  is  about  half  a 
marshy  district.  It  lies  between  the  Mississippi  River  on  the  east 
and  the  Wapsipinnicon  Iliver  on  the  soutli  and  the  Maquoketa  River 
on  the  north,  almost  entirely  surrounded  by  rivers,  just  at  the  point 
where  they  empty  into  the  ^Iississi])pi.  and  it  has  considerable  low- 
land. We  have  inaugurated  three  drainage  districts,  comprising  about 
40  miles  of  ditch,  not  mentioning  any  tiling  that  may  be  done;  two 
of  these  have  been  surveyed  and  re])orted  on,  and  the  third  is  now 
under  survey.  Some  engineers  in  Iowa  have  had  trouble  in  getting 
their  pay.  This  new  law  says  that  the  property  owners  shall  put  np 
a  bond  of  $500  to  cover  the  preliminary  expenses,  and  that  the  Board 
of  Su])ervisors  shall  engage  an  engineer  to  do  the  work.  Some 
boards  have  claimed   that  as  the  people  had   to   put   up  the  bond. 
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gradient  at  the  upper  end,  which  scours  and  filk  the  central  portion 
of  the  ditch.  The  remedy  which  I  adopted  was  to  carry  the  drainage 
water  from  the  uppermost  two  miles  through  a  27-in.  salt-glazed  tile, 
which  intercepts  the  several  lines  of  tile  draining  its  watershed.  In 
this  way  we  will  eliminate  the  scour  from  the  upper  sections^s  filling 
the  central  section.  We  will  drain  off  all  but  excessive  rains  through 
the  tile.  Unusual  rains  or  flood  will  be  temporarily  relieved  by  the 
old  open  ditch. 

Mr.  McClanahan:  In  regard  to  the  bond  required  from  the 
engineer,  I  have  wondered  what  the  bond  was  for;  whether  it  would 
be  made  the  basis  for  damages  if  he  failed  to  get  the  water  flow  line 
in  his  ditch  according  to  his  profiles,  or  whether  he  would  fail  to  have 
a  sufficient  number  of  mains  and  laterals  placed  in  a  position  that 
would  make  a  complete  job  of  drainage  for  the  district.  At  one  place 
in  Iowa  we  found  hard  pan;  we  cut  a  ditch  4^^  ft.  deep  into  it,  and 
filled  over  the  tile  with  upper  soil,  and  the  drainage  was  successful. 
They  had  been  draining  in  that  same  neighborhood  with  a  tile  depth 
of  only  21/2  ft.,  which  was  not  a  success.  I  suppose  all  of  you  are 
aware  that  tiling  is  as  good  in  dry  weather  as  it  is  in  wet  weather. 
If  the  tile  has  been  put  below  the  dew  point,  whenever  the  tile  is 
empty  the  air  passes  right  into  the  tile  and  becomes  moist  and  is 
carried  up  through  the  soil. 

Mr.  Harman  :  One  report  has  called  attention  to  the  belief  that 
it  was  necessary  in  southeastern  ^lissouri  to  clean  out  the  ditches 
about  every  third  year.  So  far  as  Illinois  experience  goes,  that  has 
not  been  so,  and  if  some  ditches  needed  cleaning  at  the  end  of  the 
third  year,  it  was  because  they  were  not  made  large  enough.  In 
eastern  Illinois,  wliere  there  is  a  heavy  clay  soil  and  a  great  deal  of 
drainage  was  carried  on  for  10  years,  beginning  20  years  ago,  a 
great  many  open  ditches  were  made.  ]\Iost  of  them  were  apparently 
large  enough,  but  the  farmers  neglected  them,  and  there  was  growth 
of  weeds  and  willows,  and  in  the  last  few  years  of  extremely  heavy 
rainfalls  manv  of  these  ditches  have  been  cleaned,  and  in  most  cases 
with  dipper  dredges. 

An  English  writer  states  that  in  one  main  drainage  ditch,  12 
miles  long,  successfully  draining  a  large  tract  of  land,  there  was 
9  ins.  of  fall.  The  ditch  required  some  attention  each  year;  the 
weeds  had  to  be  cut  and  taken  out  of  it,  and  occasionally  they  ran 
a  drag  through  it  to  stir  up  the  bottom  at  flood  time,  and  any  little 
silt  or  sediment  that  had  been  deposited  would  be  carried  to  the  outlet. 
The  Illinois  farmers  have  not  begun  to  appreciate  the  real  need  of 
maintaining  their  ditches,  but  think  they  ought  to  run  on  forever. 

Mr.  J.  L.  Ci^vrk:  In  1881  General  Cass  wanted  me  to  dredge 
his  marsh  land,  and  we  built  a  couple  of  these  old  apron  dredges. 
We  put  them  up  right  there  on  the  Monon  R.  R.  at  Shelby,  started  a 
ditch  there  and  dug  about  60  miles  of  drainage  ditches.    Today  those 
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that  matter.  Mr.  Sutlidge^  previous  to  his  taking  hold  of  that  work, 
was  in  my  office^  and  all  his  office  work  was  done  there  at  that  time, 
and  I  know  how  much  he  was  annoyed  at  the  time  with  the  reduction 
of  the  size  of  his  ditches  by  the  court  and  the  drainage  commissioners. 
The  reduction,  I  think,  was  due  partially  to  two  reasons:  One  was 
the  idea  of  both  the  court  and  the  drainage  commissioners  that, 
perhaps,  the  sizes  were  rather  theoretical  and  above  the  actual  needs; 
the  other  was  the  limit  of  the  tax  which  could  be  put  upon  the  farmers 
of  this  drainage  district.  The  sizes  were  very  materially  reduced,  as 
Mr.  Shaw  has  stated,  and  I  think  this  illustrates  a  matter  of  great 
interest  to  us  all  individually;  that  is,  the  fact  that  work  which  is 
sometimes  done  under  difficulties  and  under  protest  by  an  engineer, 
may  be  later  on  charged  up  against  his  engineering  knowledge  and 
ability. 
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opened  for  traffic,  the  vibration  of  the  pavement  will  sift  the  sand  into 
the  voids  where  it  should  liave  been  flushed,  and  the  result  is  a 
shifting  of  the  brick  as  the  cushion  disappears.  While  this  shifting 
movement  is  verv  slight  at  first  it  is  constant  until  the  voids  in  the 
base  are  filled,  and  usually  a  very  rough  and  uneven  pavement  appears 
in  a  short  tinu\  which  condition  aids  the  rapid  destruction  of  the 
brick.  The  life  of  any  pavement  built  of  good  or  poor  brick  is 
dependent  very  largi^ly  ujx)n  the  rigidity  of  the  base. 

The  cost  of  repairing  brick  pavement  is  an  important  matter, 
but  the  difference  in  location  of  the  work  and  in  conditions  under 
which  the  work  is  done,  is  sucl'h  that  it  is  ver}'  hard  to  get  an  average 
cost  j)er  yard  of  this  work.  I  have  kept  some  accurate  records  from  a 
piece  of  work  400  ft.  in  length  by  20  ft.  in  width.  This  can  hardly 
be  called  a  patch,  as  it  extended  for  a  block  in  length  and  is  the  center 
20  ft.  of  a  r>0-ft.  roadway.  It  shows  that  it  is  better  to  get  the  limit 
of  wear  out  of  a  })aveinent,  and  then  relay  that  portion  destroyed  in 
its  entirety.  Patching  should  be  eliminated  wherever  possible.  The 
result  obtained  in  all  patch  work  is  disappointing  no  matter  how 
well  it  is  done.  On  this  work  a  strip  26  ft.  wide  was  opened  the  entire 
length,  and  the  old  brick  cleaned  away  and  the  proper  crown  shaped 
up:  a  row  of  bricks  was  laid  parallel  to  the  curb  line  and  the  brick 
laid  at  right  angles  to  this  line  of  brick  to  the  line  set  on  the  opposite 
sid(\  the  strip  being  20  ft.  wide.  Then  the  space  of  3  ft.  on  each 
side  of  the  new  work  that  had  been  taken  out  was  filled  in  with  the 
best  of  the  old  lirick  to  join  the  new  work.  Only  about  one-fourth  of 
them  could  be  iisrd  to  tie  in  tlie  new  work.  The  cost  per  square  yard 
for  the  finished  work,  with  brick  at  $1.S.OO  per  1,000  delivered  on  the 
line  of  improveini'nt,  sand  at  $1  per  yd.,  and  labor  at  $1.50  per  day. 
was  DT  cts.  ])er  yard. 

^ly  attention  has  been  called  to  some  rcKk  asphalt  laid  in  Phila- 
delphia on  Broad  St..  a  ] prominent  tlioroughfare.  This  asphalt  was 
laid  on  old  i)el^nan  l)loeks  whicii  had  become  very  rough.  The  pave- 
ment was  washed  off  very  carefully  and  the  asphalt  applied  to  the 
blocks.  No  hinder  course  or  other  work  is  required  to  resurface  an 
old  pavement  with  this  mat<'rial.  This  material,  after  G  years  of  con- 
stant wear,  is  in  line  condition,  and  if  it  can  be  placed  over  old  brick 
pavenK'Uts  at  the  j>rice  driven  by  Mr.  Shields,  of  that  city,  it  is  a 
very  desirable  improvement. 

In  Quincy,  as  in  other  cities,  the  water  works,  steam  heat,  gas 
and  street  railway  companies,  and  the  ever-busy  plumber  with  lateral 
connections  to  sewers,  have  all  worked  industriouslv  to  destrov  the 
{)avcment.  Tlu^  street  railway  eoTn})any  is  about  the  worst,  as  the 
number  of  breaks  in  water  and  gas  pipes  that  are  traceable  to  elec- 
trolysis are  lar^^er  each  year.  Where  oj)enings  are  permitted  to  be 
made,  the  city  requires  a  bond  an«l  permits  are  issued  in  the  regular 
way,  the  plumbers  and  others  permitted  to  make  openings  are  con- 
stantly relaying  and  repairing  their  work,  and  at  the  same  time  there 
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of  the  old  work,  that  is  to  say,  the  adjoining  portions  of  the  pavement  as 
originally  laid,  the  same  shall  be  taken  up  by  the  company,  companies, 
corporations,  person  or  persons  which  made  the  opening  and  shall  be 
replaced  in  such  a  manner  as  to  make  the  same  flush  and  even  with  said 
adjoining  old  work.  If  the  excavation  in  the  paved  street  exceeds  4  ft  in 
depth,  then  instead  of  back-filling  the  same  up  to  the  subgrade  of  the  original 
pavement  with  sand  as  hereinbefore  provided,  such  opening  may  be  back- 
filled in  the  following  manner: 

The  earth  may  be  deposited  and  replaced  in  the  excavation  in  layers 
of  one  foot  in  depth  up  to  said  original  subgrade  of  the  street  pavement, 
each  layer  of  1  ft.  in  depth  shall  be  thoroughly  tamped  before  a  new  layer 
is  placed  in  said  opening.  After  the  original  subgrade  has  been  reached  a 
bench  of  1  ft.  in  width  shall  be  cleared  away  on  each  side  of  said  opening 
that  is  to  say,  the  pavement  shall  be  removed  a  distance  of  1  ft  on  each 
side  of  said  opening,  for  the  purpose  of  building  a  concrete  arch  over  said 
opening.  On  the  subgrade  for  said  pavement  over  said  opening  and  for  the 
distance  of  1  ft.  on  either  side  thereof  shall  be  placed  a  bottom  layer  of 
concrete  6  ins.  in  thickness,  brought  to  an  arch  at  the  center  of  the  opening. 
Said  concrete  shall  be  composed  of  1  part  (by  bulk)  of  fresh  ground 
hydraulic  cement,  2  parts  of  clean,  sharp,  well-screened  river  sand,  and 
3  parts  of  broken  stone ;  the  sand  and  cement  shall  then  be  thoroughly  mixed 
dry  and  made  into  mortar  of  proper  consistence  with  the  least  possiUe 
amount  of  water  and  thoroughly  worked;  the  broken  stones  shall  be 
thoroughly  cleaned  and  free  from  dirt;  well  drenched  with  water,  but 
contaimng  no  loose  water  in  the  heap  and  shall  then  be  added  to  the  mixture. 
The  same  shall  then  be  thoroughly  mixed  and  spread  upon  the  said  subgrade 
over  said  opening  and  bench  on  each  side  thereof,  prepared  as  above 
designated  and  thoroughly  compacted  by  ramming  until  free  mortar  appears 
upon  the  surface.  The  upper  surface  of  said  concrete,  when  thus  prepared 
and  placed,  shall  be  parallel  with  the  surface  of  the  pavement  when  convicted. 
Upon  this  concrete  foundation,  prepared  as  above  designated,  there  shall 
be  spread  a  layer  of  clean,  sharp,  well-screened  river  sand  three  inches  in 
thickness.  Upon  this  cushion  of  sand  shall  be  placed  the  upper  courses  of 
the  pavement  in  such  a  manner  as  to  make  the  top  of  the  same  at  eadi 
point  flush  and  even  with  the  adjoining  portions  of  the  pavement 
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or  1  part  of  cement  and  1  part  fine  sand,  the  latter  proportions  being 
the  more  common.  This  mortar  is  swept  into  the  interstices.  Where 
this  filler  is  used,  expansion  joints  should  be  provided  both  transversely 
and  longitudinally.  The  cost  of  1  to  1  Portland  cement  filler  will 
be  from  8  to  12  cts.  per  sq.  yd.,  the  higher  price  being  paid  where 
extraordinary  care  in  mixing  and  applying  was  employed.  The 
advantages  of  a  cement  filler  when  it  is  properly  applied  are:  1,  It 
thoroughly  protects  the  corners  and  edges  of  the  brick.  2,  It  cannot 
be  washed  or  swept  out  of  the  joints.  3,  Water  cannot  penetrate  the 
pavement  and  reach  the  foundation.  4,  It  makes  the  pavement  thor- 
oughly sanitar}\  5,  It  adds  about  as  much  strength  to  the  pavement 
as  the  ordinary  concrete  foundation.  The  objections  to  the  cement 
filler  are:  1,  It  causes  the  pavement  to  rumble  when  the  vehicles 
are  passing  over  it.  The  explanation  for  this  rumbling  is  not  satis- 
factorily explained,  and  the  expansion  joints  do  not  entirely  eliminate 
it.  2,  It  is  ver}'  hard  to  tear  up  and  repair  the  pavement,  and  the  old 
brick  are  rendered  almost  useless.  3,  After  applying  the  filler,  the 
pavement  should  stand  from  seven  to  ten  days  before  traffic  is 
admitted.  This  causes  considerable  inconvenience  to  the  occupant  of 
the  property,  especially  in  a  business  district.  4,  It  prevents  the  large 
brick  from  being  settled  in  the  sand  cushion  by  the  traffic,  thus  making 
the  tractive  resistance  on  pavements  with  cement  filler  greater  than 
that  of  a  sand  filled  pavement  that  has  been  used  for  awhile.  5,  Con- 
siderable attention  is  required  to  see  that  the  ingredients  composing 
the  filler  are  perfect  and  that  it  is  properly  applied. 

Another  filler  for  brick  pavements  is  a  No.  4,  No.  5,  or  No.  6 
coal  tar  distillate.  No.  6  is  the  grade  ordinarily  used  for  this  purpose. 
The  tar  is  brought  to  the  pavement  in  barrels  heated  in  kettles  to  a 
temperature  of  300  to  320°  F.,  and  poured  into  the  joints  from  vessels 
with  a  small  spout  or  from  funnel-shaped  cans.  The  cost  of  a  tar 
filler  is  from  10  to  12  cts.,  depending  on  the  locality  of  the  pavement 
and  the  width  of  the  joints.  As  long  as  this  material  remains  in 
place,  it  keeps  the  brick  in  proper  position,  makes  an  impervious  joint, 
and  does  not  cause  the  pavement  to  rumble.  The  objectionable  feature 
to  the  tar  filler  is  that  in  the  summer  heat  it  melts  and  flows  from 
the  joints  to  the  gutters,  and  there  remains,  making  the  pavement 
rough  and  hard  to  clean ;  and  in  tlie  winter  it  becomes  brittle,  is 
chipped  out  of  the  joints  by  the  horses'  shoes,  is  ground  into  dust, 
and  swept  or  blown  away.  In  both  instances  the  crevices  are  filled 
with  droppings  and  dirt  which  are  very  inferior  to  sand  as  a  filler. 

Another  filler,  little  used  in  the  middle  west  until  within  the  last 
year,  which  merits  the  attention  of  every  city  engineer,  every  property 
owner  whose  street  is  about  to  be  paved,  and  every  brick  maker,  is 
manufactured  from  genuine  asphalt  by  the  American  Asphaltum  & 
Rubber  Co.  The  requirements  this  product  shall  meet  as  given  out 
by  this  company,  are  as  follows:  "The  asplialt  shall  not  be  less 
than  99.5%  pure  bitumen  composed  of  not  less  than  68.3%  petrolene, 
and  31.2%  asphaltene  (each  having  a  specific  gravity  of  not  less  tlian 
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use  Xo.  4,  Xo.  o,  or  Xo.  G  coal  tar  distillate  in  the  expansion  joints. 
The  asphalt  filler  already  described  has  been  used  for  expansion  joints 
and  with  vorv  excellent  results. 

Wood  Block  Pavemextss  Wood  pavements,  (not  the  round 
cedar  block),  seem  to  be  growing  somewhat  in  favor.  The  wearing 
surface  is  laid  of  rectangular  wooden  blocks,  3,  3^  or  4  ins.  in  depth, 
and  set  on  end.  The  process  of  preparii^  the  material  consists  of 
sawing  the  lumber  into  blocks,  and  after  careful  inspection,  they 
are  placed  loosely  in  iron  cages  which  are  run  into  a  large  steel 
cylinder  which  is  hermetically  sealed.  The  blocks  are  gradually  heated 
to  a  point  where  the  moisture  in  the  wood  is  transformed  into  vapor 
and  removed  by  vacuum  pumps.  Kreodone  oil  or  similar  preservative 
is  then  admitted  into  the  tank,  and  forced  into  the  fibres  of  the  wood 
under  a  pressure  of  70  lbs.  per  sq.  in.,  imtil  each  cnbic  foot  has 
absorbed  from  10  to  12  lbs.  of  the  oil. 

The  construction  of  wood  block  pavements  is  very  similar  to  tliat 
of  brick,  and  the  interstices  between  the  block  should  be  filled  with 
sand,  cement  grout,  or  preferably,  the  asphaltic  filler.  When  sand 
or  cement  grout  is  used  as  the  filler,  asphaltum  expansion  joints 
should  be  provided  to  prevent  the  paven\ent  from  heaving  or  rumbling. 
The  advantages  of  this  form  of  pavement  are :  1,  It  is  easily  cleaned, 
maintained  and  repaired.  2,  It  is  comparatively  noiseless.  S,  It  is 
thoroughly  sanitary.    4,  It  is  durable. 

A  good  example  of  this  pavement  may  be  seen  on  Michigan  Ave., 
Chicago,  in  front  of  the  Auditorium  Hotel,  and  also  on  the  Rush 
St.  bridge.  The  l)locks  in  these  two  instances  were  laid  in  Jime, 
1900,  have  been  in  about  five  years,  and  have  stood  up  well  under 
the  traffic.  This  is  more  than  can  be  said  of  some  of  the  pavements 
that  have  been  laid  in  this  city  since  that  time.  The  cost  of  wood 
block  pavements  laid  on  a  good  concrete  foundation  is  between  60  cts. 
and  $1.25  more  per  sq.  yd.  than  brick  pavements,  depending  upon 
the  depth  of  the  surface  bloctk,  and  the  location  of  the  pavement 
While  it  is  more  expensive  than  brick,  the  additional  expenditure  is 
for  a  luxury  for  which  some  property  owners  are  willing  to  pay. 

Local  Improvement  Laws:  The  municipal  local  improvement 
laws  are  verv  lame,  and  in  some  recentlv  constructed  work,  the  con- 
tractor  is  left  to  tlie  will  and  mercy  of  the  property  owner.  For 
cities  under  10,000  inhabitants,  the  improvement  laws  are  very  strin- 
gent in  requirin/x  the  signature  of  the  majority  of  the  resident  property 
owners  affected  to  the  petition.  This  requirement  defeats  the  paving 
of  cross  streets  on  whicli  some  of  the  assessable  property  does  not  face. 
Another  feature  in  the  law  is  the  prohibiting  of  alternative  clauses 
in  the  specifications,  which  shuts  out  competition  in  certain  materials. 
Efforts  are  to  be  made  to  have  the  old  law  repealed,  and  new  legislation 
enacted,  which  will  be  more  favorable  to  mimicipal  improvements. 
Should  any  memliers  of  this  Society,  either  as  individuals  or  as  its 
representatives,  be  called  upon  to  aid  in  this  work,  it  is  to  be  hoped 
they  will  give  it  their  hearty  co-operation. 
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filler  was  used  considerable  seepage  reached  the  foundation;  but 
where  the  bituminous  asphaltum  filler  was  used,  the  sand  was  as 
clean  as  when  laid.  I  believe  a  flexible  joint  in  street  paving  material 
is  preferable  to  something  that  is  solid. 

Mr.  Nicollet:  In  connection  with  broken  stone  foundation  for 
brick  paving  one  of  the  most  important  things  to  take  care  of  is  to 
be  sure  that  the  voids  in  the  broken  stone  are  thoroughly  filled.  I 
know  of  some  brick  pavement  that  was  laid  on  such  a  foundation, 
where  the  broken  stone  was  crusher  run,  without  any  special  provision 
being  made  to  fill  the  voids.  In  time  of  storm,  the  limestone  screen- 
ings used  for  the  cusliion  coat  were  washed  down  into  the  voids 
of  the  stone  and  gave  the  surface  of  the  pavement  a  very  wavy 
appearance  after  being  in  use  several  years.  Whether  wetting  the 
sand  is  the  best  plan  or  not  is  a  little  questionable  in  my  mind,  from 
the  fact  that  the  earth  must  become  thoroughly  saturated,  which  may 
result  in  some  unevenness;  however,  the  advantages  gained  are  prob- 
ably much  in  excess  of  any  detriment  on  that  account.  I  believe  that 
is  one  point  that  is  very  often  overlooked  in  placing  macadam 
foundations. 

The  President  :  The  bitulithic  people  set  a  great  deal  of  store 
on  the  proper  gradation  of  the  stone,  so  that  voids  are  filled  for  this 
very  reason,  and  if  I  remember  right,  they  claim  to  have  the  gradation 
such  that  the  voids  are  reduced  to  10%  or  15%  under  the  most 
favorable  circumstances. 

Mr.  Tratmax  :  In  reply  to  enquiry  on  this  question  of  bitulithic 
pavement,  I  have  the  following  information  from  the  Warren 
company : 

In  making  a  mixture  of  the  several  sizes  of  stone  for  the  bitulithic 
pavement,  the  voids  are  reduced  to  between  8%  and  11%,  generally  nearer 
the  former  than  the  latter.  Some  stones,  however,  break  in  a  peculiar  way 
in  crushing,  so  that  wc  are  not  able  lo  get  as  low  voids  as  in  some  others. 
An  asphalt  sand  used  in  laying  the  Trinidad  asphalt  pavement  has  about 
27%  of  voids,  and  ordinary  crushed  stone  about  40%.  The  actual  weight 
of  the  mineral  aggregate  in  our  paving  mixture  is  92%  of  the  weight  of  solid 
stone.  The  voids  above  referred  to  in  the  bitulithic  pavement  are  absolutely 
filled,  as  we  put  in  more  bulk  of  bitumen  than  would  fill  the  8%  to  10%  spaces. 

Mil.  A.  C.  SciiKADER:  In  eonnoction  with  the  boulevards  we 
find  tliat  upon  those  portions  of  street  intersections  where  there  is  a 
curved  track  it  seems  next  to  impossible  to  hold  tlie  pavement  for 
any  considerable  length  of  time,  except  it  is  the  very  best  granite  block 
pavement.  Asphalt  certainly  will  not  hold,  and  so  far  as  I  know, 
even  vitrified  brick  (sueli  as  we  find  in  this  part,  at  least)  is  com- 
paratively short  lived.  In  the  use  of  granite  blocks  the  width  that 
should  be  used  is  not  that  usuallv  laid  down  in  this  citv,  which  is 
only  about  two  or  three  lines  of  granite  blocks,  being  about  12  to  18 
inches  in  width.  The  curvature  being  of  short  radius,  it  requires  a 
further  extension  of  what  vou  call  the  c^ranite  brow,  which  should 
be  at  least  three  or  four  feet  in  width,  and  outside  the  rail,  that  is, 
the  outer  edge  of  the  curve  and  the  inner  edge. 


98  Illinois  Society  of  Enoineebs  and  Surveyors. 

not  immediately  touching  the  proposed  improvements  but  lying  in 
the  district,  was  assessed  that  proportion  of  the  full  assessment  deter- 
mined by  the  difference  between  the  cost  of  such  additional  improve- 
ments as  would  be  necessary  to  place  the  property  directly  in  con- 
nection with  the  present  system  and  the  assessment  of  the  same  or 
similar  property  adjacent  to  the  improvement. 

This  same  principle  was  adhered  to  throughout  the  entire  assess- 
ment for  determining  the  units  for  each  piece  of  property.  The 
rate  per  unit  was  then  the  quotient  of  entire  amount  assessed  divided 
by  the  sum  of  all  the  units,  which  rate  multiplied  by  the  number  of 
units  assessed  to  each  piece  of  property  determined  the  amount  of 
the  assessment.  This  arrangement  was  found  to  be  very  satisfactory 
and  stood  the  test  of  a  number  of  objectors,  who  appeared  in  court 
to  seek  to  reduce  their  assessment. 

The  contract  for  the  sewers  was  awarded  to  the  lowest  bidder, 
J.  H.  Green  &  Sons,  of  Appleton,  Wis.  The  contract  for  the  drains 
was  awarded  to  Charles  M.  Porter,  of  Maywood,  111.,  but  afterwards 
assigned  to  Green  &  Sons,  who  did  the  entire  work.  The  prices  were 
as  follows: 

Sewers — Pipe,  delivered  and  laid;  from  14  cts.  for  (5-in.  to  54  cts.  for 
15-in.  Trenching  and  back-filling;  from  13  cts.  for  2  to  4  ft.  cut,  to  45  cts, 
for  16  to  18  ft.  cut.  Manholes,  $50;  lamp-holes,  $10;  flush  tanks,  $60. 
septic  tank,  $3,500. 

Drains — Pipe,  delivered  and  laid,  from  20  cts.  for  6-in.  to  $3.25  for 
33-in.  Trenching  and  back-filling;  from  30  cts.  for  2  to  4  ft.  cut,  to  $1.10 
for  12  to  14  ft.  cut.    Outlet  abutment,  $50.    Catchbasin,  $30. 

The  septic  tank  was  constructed  of  concrete.  The  inlet  valves 
and  also  the  valves  leading  to  the  sludge  well  were  15-in.  Cofl&n  shear 
valves.  The  weir  at  the  outlet  is  constructed  of  6x6  in.  angle  iron 
imbedded  in  concrete.  The  drain  pipes  were  being  laid  with  butt 
joints  without  cement;  where  thin  silt  or  mud  was  encountered,  the 
joints  were  filled  with  oakum  loosely  caulked.  The  work  was  some- 
what remarkable  on  account  of  constructing  both  entire  systems  in 
one  season. 

At  one  time,  in  addition  to  several  gangs  of  workmen,  four 
excavating  or  trenching  machines  were  employed  in  this  work.  One 
machine,  not  able  to  make  a  showing,  was  abandoned.  Another  was 
the  Dalton  machine,  whicli  consisted  of  a  wlieel  about  13  ft.  diameter, 
with  six  arms  extending  about  a  foot  beyond  the  rim  of  the  wheel. 
To  these  arms  were  attached  small  pieces  of  i/^-in.  soft  steel,  about 
8  ins.  long  and  4  ins.  wide,  for  the  purpose  of  cutting  loose  the  earth 
in  the  trenches.  Immediately  following  these  knives  was  a  heavy 
iron  bucket  about  1  ft.  square  and  14  ins.  deep.  This  bucket  followed 
the  knives  around  through  tlie  trench  and  revolved  with  the  wheel. 
On  reaching  the  top  of  the  circle  the  arm,  to  which  the  bucket  was 
attached,  was  released  and  the  bucket  turned  out  to  one  side  in  such 
a  manner  as  to  empty  the  contents  along  the  side  of  the  trench.  The 
wheel  revolved  so  as  to  cut  toward  the  machine.  The  machine  was 
mounted  on  wheels  and  pulled  the  cutting  wheel  close  up  to  the  work 
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EEPORT  OF  THE  COMMITTEE  OX  SEWERAGE. 

Tlie  work  accomplished  in  Chicago  during  the  past  two  years 
has  been  confined  to  the  extension  of  existing  sewerage  districts  and 
the  designing  of  systems  for  two  new  districts  in  the  southern  part  of 
the  city,  where  owing  to  the  fact  that  its  natural  surface  is  but  from 
6  to  12  ft.  above  the  level  of  I^ake  Michigan,  it  has  not  been  possible 
to  maintain  gravity  sewers.  In  the  two  districts  lately  established, 
one  of  wliich  is  known  as  the  Jackson  Park  district,  covering  some 
6,200  acres  of  territory,  the  sewage  and  drainage  water  is  to  be  elevated 
by  pumps  and  discharged  into  tlie  south  branch  of  the  intercepting 
sewer  system  of  the  city.  This  system  will  cost  in  the  neighborhood 
of  $1,000,000  and  the  contract  for  a  portion  of  it  has  been  let  and 
the  work  is  under  progress.  The  main  sewer  leading  to  the  pumping 
station  is  11  ft.  diameter,  laid  to  a  grade  of  0.04%,  giving  a  capacity 
of  some  430  cu.  ft.  per  second.  The  other  district  is  known  as  the 
95th  St.  district  and  the  sewage  is  raised  12  to  14  ft.  by  pumps  and 
discharged  into  the  Calumet  river.  The  district  comprises  5,500  acres ; 
the  main  sewer  is  10.5  ft.  diameter  on  a  grade  of  0.04%,  with  a 
capacity  of  380  cu.  ft.  per  second.  In  both  of  these  cases  the  design 
has  been  based  upon  a  population  of  50  persons  per  acre  and  130 
gallons  per  capita,  with  an  additional  amount  of  1,000  gallons  per 
acre  for  seepage  for  sand  soil,  and  500  gallons  per  acre  in  clay  soil. 
The  sewers  are  provided  with  a  capacity  for  double  this  quantity  for 
ordinary  storms  and  3V2  times  for  maximum  storms  giving  approxi- 
mately 0.022,  0.044  and  0.077  cu.  ft.  per  second  per  acre  respectively. 
A  description  of  the  power  plant  and  its  arrangement  as  designed  for 
the  Jackson  Park  district  will  be  found  in  the  Engineering  Xews, 
March  31,  1904. 

These  sowers  are  built  l)y  special  assessment  and  have  been 
designed  by  Mr.  C.  D.  Hill,  enirinoer  for  tlie  Board  of  Local  Improve- 
ments. A  paper  by  him  is  published  in  the  ''Journal"  of  the  Western 
Society  of  Engineers,  Vol.  A^II,  page  425.  Following  this  article  is 
a  discussion  of  its  different  features  by  Chicago  engineers  which  makes 
the  article  valuable  to  the  sanitary  engineer  liaving  to  design  sewers 
for  large  areas.  In  connection  with  this,  it  is  well  to  mention  an 
article  read  before  the  same  Society  on  the  '^Excessive  Precepitation 
of  Rain  at  Chicago,''  by  Edwin  Durvea,  and  published  in  Vol.  IV, 
of  the  same  Journal,  on  page  73.  An  interesting  discussion  follows 
this  article  also. 

Besides  the  work  done  by  the  special  assessment  department,  the 
city  has  been  quietly  completing  the  immense  trunk  sewers  of  the 
intercepting  sewer  scheme  which  is  eventually  to  exclude  all  the  sewers 
from  Lake  Michigan  and  discharge  it  into  the  new  drainage  canal. 
This  Avork  is  under  the  care  of  Mr.  W.  S.  MacHarg,  consulting  engi- 
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Engineering  Society.  The  operation  of  this  plant 'for  the  past  year 
has  been  such  as  to  warrant  engineers  in  adopting  this  type  under 
like  conditions  where  sufficient  fall  is  available.  In  a  great  majority 
of  cases,  however,  the  engineer  is  limited  to  an  available  fall  which 
will  not  admit  the  use  of  this  type  of  construction  and  in  many  cases 
even  the  contact  bed  is  not  permissible  on  this  account.  Sand  filters 
intermittently  operated  have  proved  adequate  to  produce  a  satisfactory 
degree  of  purification  where  they  have  been  operated  with  a  reasonable 
amount  of  care  and  skill,  and  it  is  doubtful  whether  any  of  the 
present  new  methods  of  filtration  will  be  able  to  excell  the  sand  filters 
when  properly  constructed. 

In  connection  with  the  septic  tank,  those  who  have  been  reading 
descriptions  of  English  plants  where  anaerobic  filters  have  been  used, 
might  be  interested  to  know  that  in  the  AUis-Chalmers  plant  at 
Milwaukee,  before  referred  to,  an  anaerobic  filter  of  this  kind  is 
employed.  At  Highland  Park,  III.,  also  where  a  septic  tank  was 
recently  installed,  a  secondary  tank  or  compartment  is  in  use;  here 
the  effluent  from  tlie  tank  proper  has  a  low  drop  into  the  secondary 
tank  which  is  constructed  after  the  principle  of  the  anaerobic  filter 
but  without  the  filtering  media. 

Among  the  sewage  purification  works  in  Illinois,  we  mention  the 
following  towns  where  septic  tanks  are  in  use :  La  Grange,  Wheaton, 
De  Kalb,  Princeton,  Kewanee,  Monmouth,  Macomb,  Champaign, 
Glencoe,  Highland  Park  and  Lake  Forest.  Besides  these  there  have 
been  manv  other  installations,  none  of  which  are  very  extensive,  but 
many  are  successful  and  interesting  as  a  solution  of  the  disposal  of 
sewage  from  isolated  residences,  scliools,  institutions  and  factories. 
Aside  from  the  use  of  the  septic  tank  as  above  mentioned,  the  city  of 
Lake  Forest  has  installed  a  system  of  sand  filters  wherein  the  tank 
effluent  is  treated  by  an  intermittent  filtration.  The  village  of  Glencoe 
has  installed  the  Cameron  system  of  double  contact  beds,  and  at 
Mendota,  there  is  a  system  of  intermittent  filtration  without  the  use 
of  the  septi(^  tank.  Plans  have  also  been  prepared  for  works  at 
Bellville,  Contralia,  Galeslnirg,  Galva,  Polo,  Marengo,  Naperville, 
Downers  Grove,  Chicago  Heights  and  Highwood.  The  new  book  of 
M.  N.  Baker,  entitled  '^Britisli  Sewage  Works,''  describes  a  large 
number  of  English  plants  which  have  been  constructed  within  the 
past  six  years  upon  the  ^'bacterial  process(»s."  The  description  of  the 
Ohio  plants  as  given  by  Mr.  R.  Winthrop  Pratt,  state  engineer,  in 
the  advance  sheets  of  tlie  report  of  the  Ohio  State  Board  of  Health 
for  the  year  1903,  is  of  perhaps  equal  value,  as  it  gives  the  results 
of  chemical  analyses  of  the  different  plants  described,  as  well  as 
pictures  of  the  plants  and  in  some  cases  copies  of  the  plans. 

In  this  connection  also,  it  might  be  proper  to  state  that  suits 
have  been  begun  in  the  U.  S.  Circuit  Court  by  the  Cameron  Septic 
Tank  Co.  against  several  cities,  among  which  are  Macomb,  Monmouth 
and  Ijake  Forest,  for  infringement  of  patents  granted  them  by  the 
United  States  on  septic  tanks.    This  is  an  important  case  to  engineers 
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DISCUSSION  ON  SEWEEAGE. 

Mr.  Ewing:  Regarding  the  trenching  machine,  I  had  occasion 
a  little  later  to  lav  about  10  miles  of  water  mains  at  Orossdale,  Illinois. 
On  that  work  the  Dalton  machine  was  used,  and  the  average  cutting 
on  a  trench  5  ft.  deep  was  about  300  ft.  a  day.  At  the  time  of  laying 
this  water  pipe,  how^evcr,  the  Municipal  Engineering  &  Contracting 
Co.  placed  on  the  market  a  machine  designed  specially  for  excavating 
for  small  water  pipes,  and  slightly  differing  from  its  larger  machine. 
It  was  quite  compact,  and  very  light,  with  an  arm  that  extended  into 
the  trench  and  carrying  knives,  taking  out  a  trench  13  or  14  ins.  wide. 
In  hard,  firm  earth,  with  not  too  great  a  quantity  of  small  stones,  it 
was  able  to  make  from  700  to  1,000  lin.  ft.  per  day  of  10  hours. 
Where  the  small  stones  were  present  in  great  number,  the  work  was 
delayed  to  a  considerable  extent  by  the  stones  wedging  between  the 
links  of  the  chain  and  the  sprockets  on  the  wheels,  which  required 
close  attention  to  prevent  choking  down  or  breaking  the  chain. 
We  caulked  every  other  joint  in  the  ditch,  where  the  pipe  was 
not  over  8  ins.  diameter.  The  bell  holes  were  dug  by  hand.  When 
gas  connections  and  other  obstructions  of  that  sort  were  found  in  the 
trench,  the  leg  of  the  machine  was  simply  lifted  up  and  passed  over 
them  and  that  portion  was  taken  out  by  hand.  Sometimes  we  struck 
the  pipe  before  we  had  any  intimation  it  was  there,  but  the  contractor 
usuallv  went  ahead  and  located  the  connections  and  disconnected 
them.  When  the  machine  had  passed  the  pipes  were  connected  up 
again.  It  was  much  cheaper  to  do  that,  on  account  of  the  radius  of 
this  leg  being  about  20  ft.  long  and  swinging  from  the  center  it  made 
quite  a  circle  there  tliat  had  to  be  dug  out  by  hand. 

There  is  no  considerable  saving  in  trenching  for  water  pipe  by 
a  machine  at  present  prices.  I  understand  the  policy  of  the  company 
is  to  rent  the  machines  to  the  contractors  at  a  price  (for  excavating  for 
water  pipe)  of  $20  per  day,  and  an  additional  bonus  price  of  5  cts.  a 
yard  for  excavated  material.  The  company  furnishes  the  operator, 
the  contractor  furnishes  the  coal.  Practically  one  man  runs  the 
machine.  I  don't  know  tliat  there  is  a  great  deal  of  profit  in  it,  but 
it  is  the  speed.  I  believe  the  cost  is  about  the  same  as  excavation 
by  hand,  but  the  speed  can  practically  be  doubled.  We  laid  10  miles 
of  water  mains  in  Grossdale  in  40  days  with  one  gang  of  50  Italians 
and  two  excavating  machines.  For  heav}-  work,  there  is  considerable 
advantage  in  using  machinery  if  the  ground  is  firm,  but  I  would 
not  advise  anyone  to  bid  low  with  tlie  idea  of  using  it.  In  soft, 
moving  ground,  you  are  liable  to  get  into  trouble  with  the  machine 
and  probably  have  to  excavate  it  frequently. 

Mu.  Schmbltzer:  In  Kankakee  County  we  have  had  consid- 
erable experience  this  summer  with  the  Buckeye  traction  ditcher  in 
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ordinarily  would  be  we  believe  that  the  regulation  is  an  eminently 
wise  one,  and  we  cheerfully  agree  to  the  extra  expense.  The  only 
thing  that  we  would  like  to  see  done  always,  and  it  is  usually  done 
now,  though  it  didn't  use  to  be,  is  that  the  requirement  should  be 
equally  enforced  on  all  companies  opening  the  streets. 

Mr.  Ewing:  As  to  the  assessment,  my  recollection  is  that  the 
price  was  $44  for  a  6G-ft.  lot ;  and  very  close  to  the  same  amount  for 
the  trenches.  In  regard  to  the  criticism  I  will  say  that  the  ditches 
were  usually  very  freely  watered.  The  city  had  practically  no 
improved  streets.  The  reason  the  earth  over  the  trenches  is  abnormally 
high  in  some  places  is  because  they  were  left  under  an  agreement  with 
the  street  commissioner. 

Mr.  Tratman:  The  fact  that  the  backfilling  was  not  properly 
done  (water  or  no  water)  is  shown  by  the  way  in  which  the  filling 
has  sunk ;  in  some  i)lacos  going  down  bodilv  for  a  depth  of  a  foot  or  so 
and  leaving  an  open  trench. 

Mr.  McClanahan:  We  installed  a  septic  tank  in  Monmouth 
that  was  completed  in  Juno,  1903.  It  is  70x105  ft.,  and  7^  ft.  deep, 
in  two  compartments.  Our  trouble  in  Monmouth  is  that  our  system 
is  combined.  Therefore  we  have  to  contend  with  the  storm  water, 
and  it  is  utterly  impossible  to  build  a  tank  large  enough  to  care  for 
that.  Therefore  I  had  to  put  in  a  storm  water  separating  box,  with 
an  automatic  door  separating  the  storm  water  from  sewage  in  the 
bottom  part  of  box.  Then  I  had  a  12-in.  pipe,  which  is  suflScient  to 
take  the  natural  flow  of  the  water,  under  fair,  ordinary  circumstances, 
leaving  all  that  was  over  that  for  storm  water.  When  the  pressure 
becomes  great  enough  in  tlie  storm  water  box,  it  opens  the  door  and 
the  storm  water  goes  immediately  out  into  the  stream.  The  sewage 
proper  I  delivered  through  a  pipe  150  ft.  in  length  from  the  storm 
water  box  to  the  septic  tank. 

I  emptied  the  tank  after  it  had  been  in  operation  for  about  three 
months  to  test  the  amount  of  inorganic  matter  in  the  bottom  of  the 
tank  and  I  found  that  at  the  outlet  there  was  really  nothing  not  over 
14-in.  But  at  the  outlet  wo  are  bothered  now  with  the  sand  that  has 
been  washed  in  from  the  streets.  In  the  building  of  my  tank  I  put 
in  intercepting  walls  crosswise,  which  compels  the  water,  after  entering 
the  tank  in  the  105-ft.  building,  to  travel  208  ft.  before  reaching  the 
exit,  and  there  the  top  of  the  effluent  is  never  moved ;  it  is  not  allowed 
to  get  away.  The  effluent  is  removed  about  22  ins.  below  the  top,  so 
that  the  top  remains  very  quiet.  The  water  from  the  tank,  after 
passing  the  208  ft.,  enters  into  an  apartment  of  its  own,  which  is 
two  feet  above  the  bottom  that  is  in  the  main  tank,  and  there  rises 
to  top  of  main  tank.  Here  it  passes  out  into  a  spray  box  and  is  thrown 
off  over  sprays  the  whole  length  of  the  end  of  the  tank,  and  from 
that  passes  right  down  into  a  tile  and  is  carried  500  ft.  from  the 
end  of  the  tank,  where  it  empties  into  the  stream  again.  Before  we 
put  this  tank  in  the  city  was  sued  for  damages  because  stock  would 
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At  the  intersection  with  Ogden  Ave.  it  connects  with  a  rectangular 
box  sewer  constructed  of  two  thicknesses  of  plank^  4  ft.  high  and  8  ft. 
wide,  with  a  partition  through  the  middle  to  support  the  top. 

The  object  of  constructing  a  septic  tank  was  to  relieve,  as  far 
as  we  could,  the  conditions  during  low  water  in  Salt  Creek.  The 
sewage  after  passing  through  the  wooden  box  sewer  for  a  distance  of 
about  4,000  ft.,  running  eastward  along  Ogden  Ave.,  runs  in  an  open 
diteh  for  about  a  mile,  when  it  empties  into  Salt  Creek.  Salt  Creek 
is  rather  susceptible  to  the  rainfall  there,  and  has  corresponding  inter- 
mittent periods  of  high  and  low  water.  During  tiie  period  of 
extremely  low  water  in  the  summer  months,  the  bottom  of  Salt  Creek 
is  practically  a  series  of  shallow  pools,  varying  from  6  to  24  ins.  deep. 
The  sewage  discharging  into  the  creek  fermented  to  a  considerable 
extent,  which  produced  conditions  quite  obnoxious  and  resulted  in 
several  lawsuits  in  wliich  up  to  the  present  time,  the  village  has  been 
able  to  maintain  its  position.  The  history  of  this  will  probably  be 
a  little  interesting.  Jja  Grange  was  troubled  with  the  disposal  of  ite 
sewage  for  years.  The  first  scheme  adopted,  after  considerable  dis- 
cussion, was  to  extend  the  outlet  southward  along  the  line  of  the  right 
of  way  of  the  Chicago  Junction  Ry.,  and  discharging  into  the  Des- 
plaines  river.  I  designed  an  outlet  sewer  which  was  to  be  constructed 
in  rather  a  peculiar  way.  From  about  400  ft.  from  the  south  limits 
of  the  village,  for  a  distance  of  three  miles,  the  rock  is  from  12  to 
24  ins.  below  the  surface  of  the  ground,  and  the  scheme  was  to  cut 
a  rectengular  channel  through  the  rock  and  cover  it  with  a  segmental 
concrete  arch,  the  sides  to  be  smooth  and  open,  pennitting  the  drainage 
from  the  surroimding  country  to  run  in  through  the  interstices  in 
the  rock.  To  finance  it,  a  special  assessment  extending  H)ver  the 
entire  territor}^  of  the  village  was  sterted,  and  while  it  was  endorsed 
to  a  large  extent,  it  met  with  some  opposition,  and  the  scheme  was 
finally  abandoned.    Later  the  septic  tank  was  constructed. 

We  have  a  combined  system,  and  in  order  to  control  the  flow 
of  the  tank,  and  to  avoid  the  necessity  of  running  the  storm  water 
through,  which  would  require  a  tenk  of  excessive  size,  a  small  inter- 
secting dam  was  built  in  the  outlet  sewer  at  the  brow  of  the  hill. 
A  conduit  of  12-in.  sewer  pipe  was  inserted  in  the  dam,  bringing  the 
flow  line  of  the  tank  about  1  ft.  above  the  surface  of  the  ground,  at 
the  outlet.  The  tank  was  located  at  the  eastern  extremity  of  the 
village  thirteen  hundred  feet  away  from  the  intercepting  dam.  The 
conduit  being  entirely  imderground  and  the  flow  line  of  the  tenk 
being  above  ground,  the  sewage  after  leaving  the  hill,  was  under  a 
head  of  about  4  ft.  in  the  conduit. 

In  laying  this  conduit  we  used  pipe  30  ins.  long,  with  corrugateil 
spigots ;  the  joints  wore  tightly  caulked  with  hemp  yam,  and  followed 
with  neat  cement  moistened  and  pushed  in  with  an  iron  chisel  or 
caulking  tool.  The  tank  was  constructed  of  concrete,  and  consisted 
of  three  longitudinal  compartments  10  ft.  wide,  100  ft.  long  and 
10  ft.  higli,  leaving  a  space  of  about  3  ft.  above  the  flow  line.    The 
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NEW  WELL  AND  HYDRAULIC  PUMPING  PLANT  AT 

PEORIA,  ILL. 

BY   DABNEY   H.    MAURY    (MEMBER). 

Prior  to  the  construction  of  the  well  and  pumping  plant  to  be 
described  in  this  paper,  the  writer,  as  engineer  for  the  Peoria  Water 
Works  Co.,  had  already  built  for  the  company  two  hydraulic  pumping 
plants.  The  earlier  one,  consisting  of  two  duplicate  pumping  units 
installed  in  a  well  3,340  ft.  north  of  the  main  well,  was  completed  in 
1895,  and  was  described  in  Engineering  News,  Jan.  13,  1898.  The 
second  plant,  built  in  1899,  consisted  of  four  hydraulic  pumping  units^ 
each  installed  in  a  steel  cylinder  sunk  by  the  pneumatic  process  in 
the  bottom  of  the  main  well  itself.  For  a  description  of  the  second 
plant,  see  Engineering  News  of  April  26,  1900.  These  two  plants 
served  their  purpose  well,  and  nothing  like  a  shortage  has  been 
experienced  since  their  completion;  but  the  large  increase  in  con- 
sumption, due  to  the  rapid  growth  of  the  city,  made  it  advisable  to 
provide  still  more  water. 

After  all  the  available  water-bearing  gravel  in  the  neighborhood 
had  been  carefully  explored  by  test  wells,  it  was  decided  to  locate  the 
new  well  at  a  point  about  1,250  ft.  almost  due  south  of  the  main 
well.  The  natural  surface  of  the  ground  at  the  well  site  was  flat, 
its  elevation  being  31.50  Peoria  city  datum,  and  subject  to  overflow 
except  at  quite  low  water.  Before  beginning  the  actual  construction 
of  the  plant,  an  embankment  was  built  around  the  well  site  at  eleva- 
tion of  36,  and  a  roadway  at  tlie  same  elevation  was  made  from  high 
ground  to  this  embankment. 

As  in  the  case  of  the  pumping  units  in  the  first  two  hydraulic 
plants  already  mentioned,  the  motive  power  in  the  new  well  (well 
No.  69),  is  water  under  pressure  from  the  force  main  of  the  Worth- 
ington  high  duty  stream  pumps  at  the  pumping  station.  This  water 
operates  a  30-in.  Pelton  water  wheel,  directly  connected  on  vertical 
shaft  to  an  8-in.  centrifugal  pump.  The  pump  delivers  the  water 
through  a  20-in.  wood  stave  pipe  into  the  main  well,  while  the  motor 
water,  after  it  has  done  its  work,  is  not  lost,  but  flows  back  by  gravity 
to  the  main  well  through  tlie  same  pipe.  This  arrangement  is  shown 
by  the  plan  and  profile  in  Fig.  1. 

For  conveying  water  under  pressure  to  the  Pelton  wheel,  an  8-in. 
steel  pipe  was  laid.  The  pipe  is  what  is  known  as  line  pipe,  being 
slightly  heavier  than  standard  pipe,  and  good  for  working  pressures 
of  considerably  over  500  lbs.  This  pipe  was  coated  inside  and  out 
by  dipping  it,  while  hot,  into  mineral  rubber  heated  to  a  temperature 
of  about  450"^  F.  in  tanks  built  for  the  purpose.  The  pipe  was  laid 
with  great  care,  and  was  bottle-tight  under  the  pressure  test.     The 
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proTided  witli  a 
opening  into  the 
chamber.  A  6-in.  tu 
fena  the  cutting  edg 
strainer,  and  a  3^ 
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support  for  the  40  to 
iron  used  to  load  thi 
sinking.  In  the  dry 
above  the  bulkhead,  v 
are  always  accessible 
cated  the  Pelton  w 
centrifugal  pump. 

The  wheel  case  i 
cial  design,  and  the  b 
on  its  top  carries  tl 
lars  which  take  up  a 
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balancing  device  on  tl 
of  the  pump.  This  I 
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vertical  self-oiling  dei 
automatically  pumps 
upper  reservoir  the  ( 
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This  bearing  is  the  or 
the  plant  which  reqi 
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reservoir  will  last  a! 
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tends  doB-n  to  the  h 
the  pump  pit.  Any  v 
may  leak  into  the  ] 
is  removed  by  a  s 
pump,  not  shown 
plans.  To  facilitate 
ing  of  testa,  piczomc 
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that  the  well  could  be  sunk  by  the  open,  or  pamp-snd-eink  metliod, 
although  arrangements  were  made  to  use  the  pneumatic  process  should 
the  other  method  prove  difficult.  Work  was  interrupted  several  times 
in  1903  by  emaH  floods,  and  in  December  of  that  year  the  extreme  high 
water  compelled  its  abandonment  till  late  in  June  of  1904,  vtien  it 
was  again  resumed.  The  centrifugal  pump  used  in  sinking  was  driven 
by  water  power  from  tlie  8-in.  pressure  pipe  line,  the  coarser  material 
e:£carated  being  removed  by  a  small  hoisting  engine. 

By  the  time  tlie  bottom  of  the  strainer  had  reached  eleratioD 
11.0,  Peoria  datum,  the  water  came  in  too  fast  for  the  sinking  pomp, 
which  was  then  removed.  The  air  shaft  and  air  lock,  which  had 
been  provided  for  this  contingency,  were  then  bolted  on  to  the  top 
flange  of  the  strainer,  an  air  compressor,  driven  by  the  same  vrat^ 
power,  was  quickly  installed,  and  the  sinking  proceeded  at  tlie  average 


rate  of  3  ft,  per  2i  hours  until  completed.  The  masimum  air  pressure 
used  was  14  lbs.,  and  the  men  experienced  little  or  no  inconvenience 
at  this  pressure. 

After  the  well  had  been  sunk,  the  air  pressure  was  kept  on  long 
enough  to  take  off  the  ^A-in.  plates  from  the  inside  of  the  strainer 
so  that  the  water  might  flow  in;  to  remove  the  pig  iron  used  to  load 
the  well  in  sinking;  and  to  bolt  down  tlie  north  half  of  the  steel 
bulkhead  which  had  been  left  open  while  sinking  was  in  progress. 
The  12-in.  gate  on  the  suction  pipe  Ixiing  closed,  the  air  lock  and  shaft 
wore  removed,  and  tlic  rest  of  the  work  was  finished  in  the  open  air. 

There  has  been  no  occasion  to  use  the  plant  as  yet,  so  that  no 
definite  tests  for  efliciency  have  been  made  under  working  conditions. 
A  number  of  tests  of  tlie  pumping  plants  installed  in  1899  showed 
that  the  combined  efficiency  of  Pelton  motor,  centrifugal  pump  and 
connecting  shaft  exceeded  50%  over  a  considerable  range  of  variation 
in  speed  and  load,  the  miximum  being  53.6%.    It  is  hoped  that  the 
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wells,  it  would  be  perfectly  safe.  The  second  is  that  if  we  are  not 
pumping,  the  water  flows  from  this  gravel  stream  into  the  river,  so 
that  if  we  were  to  stop  pumping  the  water  would  stand  higher  in  the 
wells  than  the  water  in  the  river.  Some  of  the  proofs  that  there  is 
no  infiltration  from  the  river  while  at  the  same  time  there  is  a  free 
flow  from  the  gravel  into  the  river  are  rather  interesting.  If  you 
have  water-beating  gravel  stratum,  with  river  silt  over  the  top  of  it, 
(even  assuming  there  is  no  solid  bed  of  clay  in  the  bottom  of  the 
river,  as  is  the  case  at  Peoria),  and  the  head  of  water  in  the  gravel 
is  reduced  by  pumping,  and  the  difference  in  pressure  causes  the 
river  water  to  strive  to  flow  into  tlie  gravel  stream,  you  have  this 
condition:  the  gravel  stratum  stands  there  and  affords  a  bed  for  the 
layers  of  silt  over  the  top,  and  tliese  layers  of  silt  are  squeezed  down 
onto  that  matrix  of  gravel,  until  they  clog  all  its  pores  and  make  a 
compact  mass  which  the  water  practically  cannot  get  through.  If,  on 
the  other  hand,  the  water  in  the  gravel  stratum  is  higher  than  the 
river,  the  water  lias  free  access  through  the  gravel  to  the  bottom  of 
this  silt.    It  then  simply  lifts  up  the  mass  and  flows  out  into  the  river. 

We  know  that  the  supply  in  our  gravel  stream  is  largely  influ- 
enced by  the  stage  of  water  in  the  river.  We  have  observed  that  very 
often  aifd  we  explain  it  in  this  way.  The  water  in  this  underground 
reservoir  flows,  as  I  say,  from  the  gravel  to  the  river.  If  the  river 
is  high,  the  outlets  are  damned  up  and  water  accumulates  in  that 
gravel  stratum,  and  the  ground  water  level  in  it  reaches  a  higher 
level  and  we  have  a  tremendously  large  amount  of  underground  water; 
so  large  that  our  maximum  available  rate  of  pumping  will  only  lower 
it  a  foot  or  so.  If,  on  the  other  liand,  the  river  falls,  there  is  a  free 
outlet  afforded  for  this  water  in  the  gravel  through  the  springs  that 
line  the  river  shore,  and  there  is  no  inlet  offered  to  the  river  water, 
so  that  when  you  have  pumped  this  basin  down  to  the  small  end  of 
the  cone,  you  will  see  that  the  limit  of  its  capacity  is  rapidly 
approached,  and  we  have  to  keep,  moving  ahead  with  our  wells  so  as 
not  to  reach  that  limit. 

We  ver}'  rarely  use  any  of  those  auxiliary  or  supplementary 
hydraulic  pumping  plants.  Xone  of  them  have  run  more  than  one- 
tenth  of  the  time  since  thev  have  been  installed,  but  when  we  do  need 
them,  we  need  them  badly,  because  a  drought  brings  with  it,  as  a 
natural  consequence,  a  largely  increased  consumption  from  the  water 
shed.  Our  experience  has  shown  us  its  limit,  and  that  it  cannot  be 
replenished  by  infiltration,  no  matter  how  low  we  pull  down  below 
the  river ;  so  we  have  got  to  keep  extending  the  wells. 

We  made  some  tests  for  river  infiltration.  We  sunk  a  test  well 
out  in  the  river  about  1,000  ft.  from  our  main  well.  On  short,  sav 
150  ft.  west,  was  another  test  well,  also  1,000  ft.  from  the  main  well. 
These  test  wells  being  equi-distant  from  the  main  well,  they  were 
equally  affected  by  the  draft  upon  the  main  well,  and  the  water  in 
each  stood  at  an  elevation  of  17,  Peoria  city  datum.  The  water,  or 
rather  the  surface  of  the  ice  (22  ins.  thick),  in  the  river  was  at  an 
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Our  water  supply  comes  from  rather  coarse  gravel  as  a  rule. 
The  upper  well,  however,  is  not  in  such  coarse  gravel;  that  is  in 
sand  of  medium  coarseness,  and  does  not  contain  much  gravel. 

The  wood  stave  pipes  are  absolutely  tight  when  properly  made, 
and  the  amount  of  pressure  that  they  can  stand  is  governed  entirely 
by  the  strength  of  the  bands  with  which  they  are  surrounded.  For 
a  5  or  10-ft.  head  it  is  sufficient  to  space  the  bands  twelve  inches 
apart.  As  you  get  higher  and  higher  pressure,  you  must  increase  the 
number  of  your  bands,  move  them  closer  together,  and  put  more  of 
them  on;  and  when  you  get  quite  a  number  of  bands  on  the  pipe, 
say  as  close  as  the  width  of  the  clamps  on  your  bands  will  allow  you 
to,  you  may  carry  pressures  on  wood  stave  pipes  up  to  several  hundred 
pounds.  The  strength  of  the  pipe  depends  entirely  upon  the  strength 
of  the  bands. 

The  pipe  that  has  gone  through  the  dipping  process  was  8-in. 
steel  line  pipe.  We  had  available  there  on  the  site  of  an  old  rolling 
mill,  an  abandoned  smockstack,  and  we  built  a  sort  of  an  excrescence 
on  the  lower  end  of  that  smokestack,  which  we  used  as  a  dipping 
tank.  We  had  the  furnace  and  we  had  some  old  14-in.  cast  iron  pipe. 
Of  this  we  made  two  vertical  tanks.  The  one  on  the  left  we  kept 
empty;  the  one  on  the  right  we  filled  with  the  coating  material. 
We  put  up  a  support  for  a  block  and  tackle  in  the  smokestack  40  or  50 
feet  above  the  dipping  tank.  To  dip  a  pipe,  it  was  lifted  by  a  hoisting 
engine  and  dropped  them  into  the  empty  14-in.  pipe  where  it  was 
heated.  Then  it  was  hoisted  out  and  dropped  into  the  bath^  and 
another  was  lowered  into  the  heating  pipe.  The  dipped  pipe  would 
then  be  hoisted  out  and  allowed  to  drain,  and  the  second  pipe  lowered 
into  the  bath.  The  coating  of  some  of  the  pipe  has  been  left  out  in 
the  weather  all  last  winter  and  this  summer,  and  the  previous  summer, 
and  it  does  not  seem  to  be  affected  so  far.  I  am  not  in  position  to 
report,  of  course,  how  the  coating  is  on  the  pipe  underground.  The 
pipe  coating  is  sold  by  the  American  Asphaltnm  &  Rubber  Co.,  and 
the  pipe  is  known  as  the  mineral  rubber  coating.  It  is  a  comparatively 
new  thing.  1  believe  it  is  a  })reparation  to  a  large  extent  of  gilsonite 
which  is  a  superior  quality  of  asphalt  mineral. 

Mr.  Nicolet  :  Regarding  the  wooden  stave  pipe,  some  ten  years 
ago  we  had  occasion  to  use  about  a  mile  of  it;  I  think  it  was  about 
36-ins.  diameter,  in  which  the  staves  were  not  caught  on;  simply  a 
plain  stave  that  had  a  radial  face,  and  in  putting  the  pipe  together 
we  had  no  trouble. 
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The  first  meters  listed  were  selected  with  special  reference  1 
facility  of  construction,  all  those  in  a  certain  locality  being  remove 
at  one  time.  A  summary  of  the  first  400  meters,  however,  showc 
such  favorable  n'sults  that  it  was  decided  to  confine  subsequent  testii 
to  those  meters  most  liable  to  be  in  error,  and  subsequently  mete 
were  selei^ted  from  the  lower  levels  of  the  city  where  it  was  believe 
the  greater  head  coupled  with  the  greater  shocks  caused  by  numeroi 
hydraulic  elevators,  subjeirted  the  meters  to  greater  deterioration  thi 
in  the  high  districts  of  the  city,  and  also  to  meters  supplying  co; 
sumers  who  us(»d  more  than  ."^,000  gallons  per  month  as  determine 
by  their  bills  for  February,  1898.  The  1,0G4  meters  included  pra 
ticallv  all  of  tliat  class. 

The  meters  were  tested  in  the  workshop  and  testing  room  of  tl 
water  c()mj)any.  The  removing  and  setting  of  the  smaller  mete 
was  done  ordinarily  by  one  man  with  a  one-horse  wagon.  At  tiro 
there  were  two  or  three  men  gathering  the  meters  working  ind 
pendently.  The  man  would  leave  the  shop  in  the  morning  with  aboi 
a  dozen  tested   meters  in  his  wagon.     Arriving  at  the   house  of 
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consumer  the  water  was  shut  off  at  tiie  c(Kk  just  ahead  of  the  mete 
the  meter  removed  and  a  tested  one  inserted  in  its  place.  The  wab 
was  th(»n  turned  on  and  the  man  mov(»d  to  the  next  nearest  plac 
returning  to  th(»  sliop  at  noon  and  again  at  night  with  from  8  to  1 
meters.  The  removal  and  resetting  of  from  IG  to  25  meters  by  oi 
man  was  considcTiul  a  good  day's  work. 

The  meters  were*  usual Iv  located  in  the  cellars  of  the  houa 
supplied.  Many  of  tluMu  were  set  in  pits  outside.  Upon  being  brougl 
to  the  testing  room  the  outside  of  the  meter  case  was  brushed  cleaj 
many  of  them  coming  from  damp  places  and  being  coated  with  rui 
and  dirt,  and  immediately  placed  on  the  testing  bench  and  teste 
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Fl<™  in  wfr  per  Minute.  p,^  ;„  eu-ft. per Min>rt« , 


error,  howevor,  was  wear  of  the 
pistons  or  discs.  If  a  motor  re- 
quired more  repairs  than  a  clean- 
ing, tlio  test  was  run  througli  and 
the  meter  set  aside  for  repairs 
after  wliicli  it  was  retested  and 
returned  to  the  service. 

The  diagram,  Fig.  2,  is  in- 
tended to  illustrate  the  effect  of 
wear  upon  both   the   piston  and 
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ID  any  ordinary  lathe  to  surface  such  lower  platen:  an  attempt, 
however,  to  repair  these  meters  locally  was  made;  a  sheet  of  tissue 
paper  was  laid  in  the  lower  plate,  the  piston  set  down  and  wedged  in 
place.  The  meter  was  tlien  set  in  a  lathe  with  the  top  plate  off,  and 
the  ring  and  the  top  of  the  piston  turned  down  true  and  flush.  The 
removal  of  tJie  tissue  paper  left  just  enough  play  between  the  piston 


126 


Illinois  Society  of  Engineers  and  Surveyobs. 


The  character  of  the  water  at  Des  Moines  is  quite  favorable  to 
the  water  meter^  being  from  underground  source  and  entirely  free 
from  sediment.  The  pressure  ranges  from  50  to  100  lbs.,  depending 
upon  the  elevation  of  the  consumer. 

It  is  considered  that  the  above  tests  speak  well  for  the  accuracy 
of  the  water  meter^  especially  in  view  of  the  considerable  age  of  many 
of  the  meters  tested.    The  results  exceeded  our  expectations. 

SUMMARY  OF  TESTS. 


METER 


Crown,  old 

Crown.  A 

Crown.  AA  . . . 

Crown 

Crown 

Crown 

Crown 

Hersey.  piston 
Hers«y,  disc . . 

Trident 

Nash 

Empire    

Wortbington  . 

Union 

Union 

Union 

Union 


Total 


Atc.  ii 

Size 

Total 

Nnm- 

ber 

Tested 

Tears 

in 
Serrice 

Regis- 
tered at 
Great- 
est De- 
livery 

>i' 

372 

6  to  15 

97  8 

%' 

97 

3  to    6 

981 

%' 

88 

1  to    3 

98.2 

)i' 

44 

12  to  15 

93.7 

r 

21 

11  to  15 

97.6 

VA' 

10 

11  to  15 

1010 

2' 

31 

11  to  15 

97  9 

H' 

197 

4  to  10 

99  5 

H' 

32 

1  to    4 

101.8 

H' 

80 

J^to    2 

100  0 

«• 

40 

1  to    3 

1010 

«' 

18 

Ito    3 

100.1 

H' 

6 

15  to  20 

1019 

H' 

14 

10  to  14 

1016 

H' 

11 

7  to  14 

100  0 

V 

3 

7 

100  7 

2- 

1 

10 

960 

1064 

Hto20 

98  8 

I 


Accu- 
rate on 
First 
Test 


Rbpaibbo 


*Shop 


168 

48 

49 

11 

8 

7 

11 

70 

15 

60 

34 

15 

5 

7 

4 


512 


156 

47 

36 

24 

11 

2 

16 

122 

17 

20 

5 

2 


7 
5 
1 


471 


IB.  I. 
Works 


8 
1 
1 


1 
1 

3 


15 


fa€tmj 


40 
1 
2 
9 
2 
0 
3 
2 


1 
1 


2 
2 
1 


66 


*This  colnmn  includes  all  meters  cleaned,  g-eared  or  repaired  in  any  way  by  the  em- 
ployees of  the  water  company. 

tMachine  shop  of  the  Eai^'le  Iron  Works,  Des  Moines. 


DISCUSSION. 

Mr.  Burdick  :  Fig.  7  illustrates  the  average  result  of  tests  upon 
14-iii.  and  %-in.  meters.  It  is  a  good  recommendation  for  the  meter 
as  an  accurate  water  register,  particularly  as  a  few  of  the  meters  had 
been  in  use  20  years,  and  the  average  age  was  probably  10  or  12  years^ 
although  many  had  been  repaired,  some  probably  several  times.  The  aver- 
age meter  as  we  found  it  in  service  at  Des  Moines  registered  approxi- 
mately 70%  on  a  1/32-in. stream;  94%  on  a  1/16-in. stream, and  about 
99%  on  a  %-in.  stream,  and  for  all  the  larger  flows.  The  tap  hoae 
in  the  cellar  of  the  water  works  flowed  about  1  cu.  ft.  per  second. 
That  is  probably  the  average  flow  of  any  such  hose  connection.  We 
found,  of  course,  some  meters  that  did  not  run  at  all  on  the  low 
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NOTES  ON  WATEK  FILTRATION. 

BY  DANIEL  W.  HEAD  (MEMBER). 

The  great  advantage  gained  by  the  proper  filtration  of  public 
water  supplies  has  been  demonstrated  beyond  question. 

A  comparison  of  the  death  rates  from  zymotic  diseases  in  cities 
having  different  classes  of  water  supply  leads  to  the  conclusion  that 
the  projjerly  filtered  waters  are  only  second  to  the  pure  mountain 
spring  and  deep-seated  artesian  water.  While  a  low  death  rate  is 
not  necessarily  due  entirely  to  the  character  of  the  water  supply, 
yet  the  general  fact  undoubtedly  is  that  as  the  pollution  of  water 
supplies  increase,  the  number  of  deaths  resulting  from  cerain  water- 
borne  diseases  also  increases;  and  a  pure  water,  or  a  water  properly 
purified  effects  a  great  saving  in  life  and  improvement  in  health. 

I  wish  to  emphasize  the  words :  "Properly  filtered  waters."  There 
are  a  great  many  w^ater  works  now  filtering  waters  that  are  not 
furnishing  ''properly  filtered  waters,"  and,  in  fact,  there  are  com- 
paratively few  filter  systems  in  this  country  that  can  be  said  to  be 
furnishing  such  waters. 

The  filtration  of  water  for  municipal  supplies  as  practiced  in 
Europe  and  in  America  consists  essentially  of  the  passage  of  water 
through  sand,  with  variation  in  the  detailed  method  of  operation, 
according  to  the  filter  system  used,  and  to  various  local  and  con- 
stnictional  circunistane(»s.  The  general  method  is,  however,  usually 
the  same  in  all  cases.  The  depth  of  tlie  sand  and  of  the  gravel  which 
sometimes  underlies  it,  and  wliich  (when  used),  acts  as  a  drain  to 
the  sand  bed,  varies.  Jn  Europe,  from  two  to  four  feet  are  common 
depths,  but  the  minimum  is  believed  to  be  insufficient  to  afford  a 
reasonable  degree  of  uniformity  in  filtration.  In  this  country,  it  is 
quite  usual  to  build  filter  beds  with  about  4  ft.  of  sand. 

In  filtration  works,  the  systems  used  may  be  divided  in  a  general 
wav  into  two  classics:  1st.  Slow  sand  filtration,  which  is  common  in 
Europe,  and  is  used  to  souk*  extent  in  this  country.  In  this  system 
the  water  passes  through  the  sand  bed  at  a  slow  rate,  usually  at  about 
2,500,000  gallons  per  acre  per  day.  '^nd.  Rapid  sand  filtration,  and 
which  is  also  known  as  mechanical  filtration,  in  which  the  water  passes 
through  the  sand  at  a  comparatively  rapid  rate  of  about  125,000,000 
gallons  per  day.  This  latter  system  is  the  one  most  largely  used  in 
this  country. 

Sand  is  the  medium  in  both  of  these  filtration  svstems,  but  tiie 
essential  agent,  or  the  feature  which  most  largely  produces  the 
essential  results,  is  a  factor  which  <\<?caped  attention  for  a  great  many 
years,  and  which  was  never  appreciated  until  a  knowledge  of  the 
life  and  functions  of  bacteria  became  general,  and  the  study  of  filter 
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The  coagulating  basin,  in  a  rapid  filter  plant,  will  take  out  50 
to  75%  of  the  impurities,  and  a  well-designed  rapid  sand  filter,  as 
a  whole,  will,  as  a  general  rule,  and  under  test  conditions,  remove 
98  to  99%.  As  a  matter  of  fact,  in  the  operation  of  filter  systems 
in  this  country,  it  is  quite  probable  that  they  do  not  average,  in 
efficiency  of  removal,  more  than  from  80  to  90%. 

One  very  important  matter  to  assure  success  in  filtration,  is  the 
necessity  of  good  work,  and  great  care  in  the  operation  of  the  filters. 
Many  of  our  communities  that  have  adopted  filtration,  seem  to  think 
that  it  is  only  necessary  to  construct  good  filters  and  good  filtration 
must  result;  but  it  is  equally,  or  even  more  important,  to  have  proper 
operation.  Better  work  can  be  done  with  a  poor  filter  system  in  the 
care  of  an  expert,  than  can  be  done  with  a  first  class  filter  system  in 
charge  of  an  incompetent  man. 

In  mechanical  pressure  filters,  water  is  forced  from  the  pumps 
directly  through  the  sand  into  the  mains,  all  filtering  being  done 
under  pressure.  As  a  general  proposition,  a  plant  of  this  kind  is  not 
a  thoroughly  satisfactory  one,  although  it  may  give  fair  results. 
When,  however,  as  is  usually  the  case,  especially  when  such  filters 
are  used  on  direct  service,  a  variation  in  the  demand  for  water  takes 
place,  it  becomes  frequently  necessary,  unless  a  large  number  of 
filters  are  installed,  to  increase  the  pumpage  above  the  normal  rate 
of  125,000,000  gallons  per  acre  per  day.  The  result  is  that  the  film 
over  the  sand  is  ruptured,  and  water  more  or  less  impure  is  furnished 
at  such  times.  If,  however,  siicli  a  filter  svsteiii  is  used  with  a 
reservoir  where  tlie  pumpa*i^e  can  be  uniform  through  the  filters,  the 
filters  will  not  be  open  to  as  great  objection.  Rut  even  in  such  eases, 
the  main  objection  to  this  system  of  filtration  is  the  fact  that  the 
operator  cannot  see  wliat  is  going  on.  He  cannot  watch  the  surface, 
and  by  lowering  the  water,  find  out  the  state  of  the  sand  bed.  He 
must,  to  ascertain  such  condition,  cut  off  the  pressure,  drain  out  the 
water,  and  remove  the  manliole,  and  even  then  he  will  inspect  the 
filter  under  great  difficulties. 

The  gravity  sand  filter  plant  at  Danville  was  described  in  the 
Proceedings  for  1904,  and  a  somewhat  similar  but  larger  plant  has 
since  been  constructed  for  the  city  of  Moline,  111.  While  testing  one 
of  the  new  filters,  a  complaint  was  made  that  they  were  not  getting 
satisfactory  results.  The  settling  basins  for  these  filters  are  designed 
to  give  two  hours'  flow  for  5,000,000  gallons  of  water.  If  only 
2,500,000  gallons  were  used,  the  water  would,  therefore,  take  four 
hours  to  pass  through  the  basins.  Sulphate  of  iron,  as  a  coagulant, 
settles  very  rapidly  from  the  water;  Tnuch  more  so  than  sulphate  of 
alumina.  At  the  time  of  the  complaint,  they  were  pumping  only 
about  2,500,000  gallons  of  water  per  day  through  the  basin,  with 
both  coagulating  basins  in  use.  The  result  was  tlie  coagulant  all 
dropped  from  the  water  before  it  came  to  the  filter  bed,  and  no  suitable 
film  was  formed  over  the  sand.  That  is  to  say,  about  80  or  85%  of 
the  impurities,  the  sediment  and  the  bacteria,  were  being  taken  out 
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REPORT  OF  THE  COMMITTEE  ON  WATER  WORKS. 

At  the  present  time  58%  of  the  population  of  this  State  has 
congested  in  cities  of  more  than  1,000  inhabitants;  97%  of  this  urban 
population  is  supplied  with  water  from  public  works,  requiring  20fi 
plants.  Basing  the  consumption  upon  population,  75%  of  the  water 
supplied  is  from  surface  sources,  13%  of  which  is  purified  by  filtra- 
tion. The  population  of  Chicago  is  35%  of  the  population  of  the 
State,  and  G0%  of  the  urban  population.  The  water  supply  of 
Chicago  is  Lake  Michigan,  a  source  of  natural  purity  and  a  splendid 
supply  when  guarded  against  pollution.  This  supply,  therefore,  may 
be  regarded  as  a  special  case  hardly  comparable  with  the  surface 
supplies  of  the  State  generally.  Excluding  Chicago,  36%  of  the 
population  is  urban,  93%  of  the  urban  population  is  supplied  by 
public  works,  38%  of  the  water  supplied  is  from  surface  sources, 
69%  of  which  is  purified  by  filtration.  This  means  that  excluding 
Chicago,  26%  of  the  water  supplied  in  the  State  is  filtered. 

Lake  Forest.  This  is  one  of  the  earliest  filter  plants  con- 
structed in  this  State,  and  consists  of  six  Jewell  pressure  filters,  6  ft. 
diameter.  The  nominal  capacity  of  this  plant  is  500,000  gallons  per 
day.  The  average  consumption  of  water  by  the  city  is  about  400,000 
gallons  per  day,  and  sometimes  reaches  a  daily  pumpage  of  750,000 
gallons.  The  source  of  supply  is  Tjake  Michigan,  and  consequently 
the  very  turbid  water  of  inland  rivers  is  not  contended  with.  The 
water  does  not  receive  preliminary  sedimentation  before  passing 
through  the  filters.  Tlie  plant  is  owned  bv  the  Lake  Forest 
Water  Co. 

Rogers  Park.  The  water  works  are  owned  and  operated  by  the 
Rogers  Park  Water  Co.,  and  four  American  pressure  filters,  8  ft. 
diameter  and  8  ft.  high,  are  in  use.  The  distinctive  feature  of  the 
American  filter  is  tlie  washing  system,  which  consists  of  hollow  cast- 
ings radiating  from  a  central  pipe.  When  the  filter  is  operating 
this  casting  is  suspended  above  the  bed.  In  washing,  the  finger-like 
casting  is  forced  into  the  sand  by  hydraulic  pressure,  the  same  pres- 
sure forcing  tlie  wash  water  from  the  central  pipe  out  through  small 
holes,  thereby  washing  and  agitating  tlie  bed  at  the  same  time.  The 
source  of  supply  is  Lake  Michigan  and  no  preliminary  sedimentation 
takes  place  before  the  water  passes  througli  the  filters.  The  plant 
was  constructed  in  the  early  '90's. 

Elgin.  This  filter  plant  was  constructed  at  about  the  same  time 
as  the  Rogers  Park  plant,  and  as  originally  built  consisted  of  American 
filters  10  ft.  diameter.  The  plant  has  since  been  added  to  by  the 
installation  of  one  or  more  Jewell  filters  and  it  is  understood  that  the 
washing  system  of  a  portion  of  the  older  filters  has  been  remodeled. 
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The  plant  as  it  exists  at  present  has  a  capacity  of  approximately 
2,500,000  gallons  per  day.  The  filters  are  of  the  pressure  type  and 
the  water  receives  no  preliminary  sedimentation.    The  present  source 
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of  supply  is  the  Fox  river.  The  city  operates  the  plant  and  has 
just  made  a  considerable  expenditure  for  an  underground  source  of 
supply;  when  the  new  plant  is  in  running  order,  it  is  presumed  that 
tlie  filter  plant  will  be  inoperative. 

Quincy.  The  water  works  up  to  the  past  year  were  operated 
by  the  Quincy  Water  Co.,  but  were  recently  purchased  by  the  city. 
The  source  of  supply  is  the  Mississippi  river,  which  in  flood  is  very 
turbid  and  furnishes  a  water  at  such  times  extremely  dif&cult  to 
purify  satisfactorily.  The  plant,  however,  has  given  exceptionally 
good  results  since  its  installation.  The  water  is  taken  from  the  river 
by  a  set  of  low  lift  plunger  pumps,  passes  through  a  sedimentation  basin 
of  about  330,000  gallons  capacity,  where  the  coagulant  is  added,  thence 
passes  through  14  Jewell  gravity  filters  12  ft.  diameter,  to  a  clear 
water  reservoir  from  which  the  water  is  elevated  into  the  service 
reservoir  of  about  20,000,000  gallons  capacity.  The  filter  tanks  are 
of  cypress.  The  coagulant  used  is  ferrous  sulphate  and  lime.  It  was 
in  this  plant  that  this  coagulation  process  was  worked  out  and  the 
process  is  commonly  known  as  the  Quincy  process. 

Alton.  The  filter  plant  was  installed  by  the  National  Filter 
Co.  in  1897.  The  filters  are  of  the  gravity  type  and  the  sand  is 
enclosed  in  wooden  tubs.  The  source  of  supply  is  the  Mississippi 
river,  from  which  the  water  is  pumped  to  an  old  reservoir  which  is 
used  as  a  settling  basin.  The  capacity  of  the  plant  as  originally 
installed  was  about  3,000,000  gallons  per  day  and  it  is  understood  that 
this  has  since  been  increased.  The  plant  is  owned  by  the  Alton 
Water  Co. 

East  St.  Louis.  Tiie  source  of  supply  is  the  Mississippi  river. 
The  filter  plant  is  somewhat  unusual  from  the  fact  that  the  old 
pressure  filter  shells,  foruierly  used  at  New  Orleans,  are  here  con- 
verted into  gravity  filters.  Tlie  plant  (U)nsists  of  17  horizontal  shells 
each  8  ft.  diameter  and  30  ft.  long.  The  nominal  capacit}*  of  the 
plant  is  11,000,000  gallons  per  day.  Before  passing  to  the  filters  the 
water  is  lifted  to  a  settling  basin  by  a  low-lift  plunger  compound 
condensing  pumping  engine.  The  settling  basin  has  a  capacity-  of 
about  four  hours  rest  at  full  capacity  of  the  plant,  and  is  divided  into 
four  compartmeuts  by  wooden  partitions.  The  coagulant  is  added 
in  this  basin.  The  water  passes  from  the  filters  to  a  clear  water 
reservoir  of  about  1,000,000  gallons  capacity  and  thence  passes 
through  the  high  lift  pumps  to  the  city  main. 

Decatuu.  The  filter  originally  consisted  of  four  horizontal 
pressure  filters  8  ft.  diameter  and  20  ft.  long.  The  plant  was  installed 
by  the  Western  Filter  Co.,  and  has  since  been  increased  by  the  addition 
of  one  or  two  filters  of  the  same  size.  The  source  of  supply  is  the 
Sangamon  river  and  the  water  receives  no  preliminary  sedimentation 
before  filtration.  The  capacity  of  the  plant  is  3,000,000  gallons 
per  day. 

Cairo.  The  filter  plant  was  installed  in  1899,  the  source  of 
supply  being  the  Ohio  river,  which  at  flood  times  is  fully  as  difficult 
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to  filter.  The  water  is  lifted  from  the  river  by  a  centrifugal  pump 
driven  either  by  a  steam  engine  or  a  water  motor  as  may  be  desired. 
The  motor  is  operated  by  water  from  the  eit}^  mains.  The  raw  water 
passes  through  two  settling  basins  50x32  ft.,  and  18  ft.  deep,  or  about 
2  hours'  capacity.  Thence  through  these  basins  by  continuous  flow 
to  a  gravity  filter  plant  consisting  of  five  filter  units  each  33x10%  ft. 
at  sand  line.  The  total  of  the  plant  at  present  is  5,000,000  gallons 
per  day.  The  settling  basins,  filters,  and  clear  water  resorvoir  are 
built  of  concrete,  and  the  two  former  are  housed  under  one  roof. 

Danville.  A  good  description  of  this  plant  is  given  in  the 
Proceedings  of  this  Society  for  1904.  The  ultimate  capacity  is  to 
be  6,000,000 .  gallons  per  day.  The  four  beds  now  in  use  have  a 
capacity  of  3,000,000  gallons  per  day.  Two  sedimentation  tanks 
are  provided,  total  capacity  250,000  gallons,  in  which  the  coagulated 
water  is  settled  before  passing  into  the  filters,  giving  approximately 
two  hours'  rest  at  3,000,000  gallons  pumpage  rate. 

Rock  Island.  The  only  slow  sand  filtration  plant  in  this  State 
was  placed  in  operation  in  1900  at  Kock  Island.  The  source  of  supply 
is  the  Mississippi  river.  The  plant  consists  of  two  settling  basins 
of  approximately  3,350,000  gallons  combined  capacity,  giving  a  period 
of  approximately  2-1  hours'  settlement  at  the  present  rate  of  pumpage. 
The  three  filter  beds  are  approximately  145x145  ft.  at  the  sand  line, 
giving  a  capacity  approxiTuately  of  3,500,000  gallons  per  day  when 
worked  at  the  rate  of  2,500,000  gallons  per  acre.  The  clear  water 
basin  is  approximately  210x210  ft.,  and  22  ft.  total  depth.  The 
basins  and  filters  are  lined  witli  concrete  and  have  sloping  sides. 

Kankakee.  This  plant  was  installed  in  1901.  It  consists  of 
six  rectangular  gravity  filters  at  500,000  gallons  daily  capacity  each, 
or  3,000,000  gallons  total  capacity,  a  sedimentation  basin  of  two 
hours'  capacity  continuous  fiow  and  a  clear  water  reservoir,  all  inclosed 
within  one  roof.  The  clear  water  reservoir  occupies  the  whole  lower 
floor  of  the  building.  Upon  the  second  floor  is  located  the  sedimenta- 
tion basin  at  one  end  and  the  filters  at  the  other  end.  Space  is  left 
for  installing  two  additional  filters  in  the  future.  The  filters  are  rect- 
angular in  section  and  are  provided  with  the  air  wash  which  operates 
through  the  strainer  pipe  system  and  strainer.  The  filters  are  hand 
regulated.  The  filters  and  sedimentation  basins  are  supported  upon 
two  longitudinal  walls  ruimiug  the  entire  length  of  the  building 
with  arches  sprung  across  the  walls  and  from  walls  to  building  foun- 
dation.    Xo  ste(^l  reinforcement  is  used  in  the  construction. 

The  low  lift  plant  consists  of  a  Lawrence  8x10  ins.  engine  belted 
to  an  8-in.  centrifugal  pump.  The  works  are  owned  by  the  Kankakee 
Water  Co.,  and  the  plant  was  installed  by  the  Norwood  Company,  of 
Northampton,  Mass.  The  source  of  supply  is  the  Kankakee  river. 
The  present  water  consumption  is  from  1,700,000  to  1,900,000 
gallons  per  day. 

It  will  be  noticed  that  with  one  exception  all  the  filtration  plants 
in  the  State  are  of  the  so-called  "mechanical  type."     This  is  an 
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results  than  this  can  often  be  obained.  Tliere  is  no  doubt  but  that 
100  deadly  genus  in  a  filtrate,  or  even  a  small  fraction  of  that  number 
would  1)6  disastrous  to  the  water  consumer.  There  is  good  reason, 
however,  to  believe  as  regards  disease  producing  germs  the  eflBciency 
of  the  filter  greatly  exceeds  the  usual  guarantee  of  percentages. 

The  case*  is  often  cited  of  Hamburg  and  Altona,  Gtermany.  Both 
cities  derive  their  supplies  from  the  river  Elbe,  the  water  being  filtered 
at  Altona  and  unfiltered  at  Hamburg.  In  1892  a  disastrous  cholera 
epidemic  broke  out  in  Hamburg,  and  although  its  sewage  was  dis- 
charged into  the  river  above  Altona,  hardly  a  case  of  cholera  occurred 
in  the  latt(»r  city.  In  this  ease  we  must  admit  that  the  eflSciency  of 
the  Altona  filters  must  have  been  very  much  higher  as  regards  cholera 
germs  than  results  obtained  by  our  indiscriminate  count  of  water 
bacteria  would  indicate. 

Such  examples  as  this  and  other  reasons  lead  to  the  belief  that 
the  present  methods  of  expressing  results  is  somewhat  unsatisfactory, 
and  it  is  believed  that  in  the  near  future  results  will  be  measured  b}' 
the  ability  of  the  filter  to  remove  specific  germs  placed  in  the  raw 
water  for  the  purposes  of  the  test. 

Dr.  Bitter,  in  his  report  upon  the  experimental  filter  at  Alex- 
andria, Egypt,  notes  that  although  the  raw  waters  contained  a  great 
variety  of  bacterial  life,  the  filtrate  contained  only  two  or  three  species 
of  harmless  water  bacteria  which  he  believes  had  little  or  no  connection 
with  the  genus  in  the  raw  water,  but  were  germs  within  the  lower 
sand  layers  and  pipes  of  the  filter.  For  this  reason  he  based  his 
bacterial  test  of  the  filter  entirely  upon  the  effect  upon  a  specific  germ. 
The  germ  selected  was  the  bacillus  prodigiosus,  and  the  filter  showed 
quite  a  remarkable  ability  to  remove  this  germ;  one  germ  in  1,000 
passed  the  filter  directly  after  washing  and  the  efficiency  gradually 
increased  up  to  2  hours  after  washing  when  only  one  germ  in  20,000 
appeared  in  the  filtrate.  The  report  of  Dr.  Bitter  is  interesting  in 
many  respects,  particularly  as  an  oj)inion  from  a  European  point  of 
view,  and  is  decidedly  favorable  to  the  mechanical  filter. 

The  present  tendency  is  toward  the  more  permanent  construc- 
tions. The  air  wash  developed  within  tiie  past  five  years  has  per- 
mitted the  rectangular  form  of  bed,  has  pennitted  an  increased  size 
of  filter,  unit,  and  both  have  made  easier  the  use  of  concrete  as  an 
enclosure  for  the  sand  instead  of  wood  and  steel  as  formerly. 

We  are  getting  some  line  upon  the  life  of  steel  shells  as  time 
goes  on.  The  present  condition  of  one  plant  where  sulphate  of 
alumina  is  faithfully  used  shows  that  such  parts  of  the  filter  and 
pipes  as  come  into  contact  with  coagulated  or  partially  coagulated 
water  at  rest  are  badly  pitted  after  15  years  of  use,  although  the 
shells,  are  expected  to  last  some  years  longer. 

Sulphate  of  alumina  is  still  the  most  largely  used  coagulant. 
Ferrous  sulphate  with  lime  is  coming  into  prominence  and  is  being 
introduced  into  many  of  the  modem  plants. 
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The  information  as  to  the  various  plants  described  was  obtained 
from  published  reports,  personal  notes  of  members  of  the  committee, 
and  several  other  members  of  the  Society. 

D.  H.  Maury,  C.  B.  Burdick,  C.  R.  Henderson. 

DISCUSSION. 

Mr.  C.  a.  Prout:  May  I  make  one  correction?  Elgin  is  now 
using  water  from  its  four  wells.  Well  No.  1  is  2,000  ft.  deep,  and 
Nos.  2,  3  and  4  are  each  1,300  ft.  These  are  connected  by  timnels 
3.5  ft.  diameter,  to  a  central  shaft  about  9  ft.  diameter  and  115  ft. 
deep,  where  the  pumps  are  located.  The  water  runs  by  gravity  to  this 
central  shaft. 

^Ir.  Burdick:  In  getting  together  such  a  considerable  amount 
of  information  in  regard  to  so  large  a  number  of  plants,  it  is  quite 
possible  that  some  of  the  figures  may  not  be  strictly  correct,  but  the 
endeavor  has  been  to  set  down  in  some  accessible  form  what  has  been 
attempted  and  accomplif^hed  up  to  tlie  present  time  in  the  State. 
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REINFORCED  CONCRETE  BRIDGE  AT  KANKAKEE. 

BY  R.  D.  GREGG   ( MEMBER). 


The  concrete  steel  bridge  over  the  Kankakee  river  at  Washington 
Ave.,  Kankakee,  111.,  is  593  ft.  long  and  4G  ft.  wide,  consisting  of 
seven  spans  each  73  ft.  in  length.  It  has  a  S^^-ft.  walk  on  eaidi  side, 
and  a  34-ft.  driveway  with  a  street  car  track  in  the  centef  The 
bridge  was  designed  by  tlie  Concrete  Steel  Engineering  Co.,  of  New 
York,  and  built  by  the  Marsh  Bridge  Co.,  of  Des  Moines,  Iowa.  The 
old  iron  bridge  was  of  the  bow  string  girder  type,  with  four  spans 
of  125  ft.,  and  two  of  50  ft. 

The  depth  of  the  river  at  the  bridge  site  during  low  water  is 
from  3^  to  4  ft.,  and  its  velocity  about  4%  miles  per  hour.  In 
laying  out  the  new  bridge,  two  sets  of  reference  points  were  used, 
from  which  a  center  line  and  a  line  at  the  downstream  side  of  the 
bridge  were  established.  Two  bench  marks  of  different  elevations 
were  used,  all  of  which  served  as  cliecks  in  alinement  and  elevations. 

The  abutments  are  of  rubble  concrete  resting  on  a  rock  founda- 
tion; the  rubble  stones  were  separated  by  at  least  4  ins.  of  concrete 
and  not  nearer  than  10  ins.  from  the  surface.  Skewback  seats  were 
formed  by  carrying  the  abutments  up  witliin  2  ft.  of,  and  a  distance 
of  5  ft.  horizontally  back  from  the  spring  line  and  then  sloped  up  to 
the  top  of  the  abutments,  radically  with  the  arch  ring.  All  concrete 
piers  were  built  up  within  2  ft.  of  the  spring  line  and  depressions 
of  about  15x18  ins.  made  on  top  at  the  center  and  neariy  the  whole 
length  of  the  piers.  Tlie  work  was  stopped  2  ft.  below  the  spring  lines 
in  order  to  provide  for  the  anchorage  of  the  arched  ribs.  Forms  for 
the  abutments  and  piers  were  made  of  %-in.  white  pine  fence  flooring, 
2x8-in.  studding,  and  4x6-in.  waling  strips.  They  were  held  in  posi- 
tion by  %-in.  rods  passing  through  the  piers  and  through  gas  pipes, 
which  extended  to  within  2  ins.  of  the  surface  of  the  piers.  By 
this  means  the  forms  were  firmly  held  in  position  and  the  rods  ven* 
easily  removed.  For  the  abutments  the  forms  were  braced  in  the 
usual  manner.  Test  holes  were  drilled  into  each  pier  and  abutment 
foundation.  A  temporary  foot  bridge  was  erected  on  the  upstream 
side  of  the  bridge  site,  the  frame  bents  were  made  wide  enough  to 
carry  a  car  track  of  a  standard  gage  for  the  hauling  of  materials. 

A  concrete  mixer  was  placed  upon  a  platform  about  10  ft.  above 
the  street  at  the  north  end  of  the  bridge,  from  which  an  incline  track 
extended  to  the  street  level,  and  into  the  rock  and  sand  piles.  The 
mixer  was  charged  by  two  steel  hopper-shaped  cars  provided  with 
vertical  slide  doors  attached  to  levers  for  opening  and  closing.  Each 
hopper  was  divided  into  two  compartments  with  movable  partitions, 
one  for  measuring  sand  and  the  other  for  crushed  stone.    The  ears 
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turning  of  the  arch.  The  thickness  of  arch  rings  at  the  crown  is 
16.1  ins.,  and  at  the  spring  line  32.6  ins.  Radii  of  intrados  of  arch, 
21.78  ft.  and  97.82  ft;  radius  of  extrados,  107.7  ft.  Six  sets  of 
%-in.  transverse  Thacher  bars  were  placed  in  each  arch  and  tied 
to  the  arch  ribs  with  small  wire.  The  ribs  were  kept  at  the  proper 
distance  from  the  lagging  by  the  use  of  wedge-shaped  blocks,  which 
were  moved  aliead  as  the  turning  of  the  arch  progressed. 

Medium  steel  of  an  ultimate  strength  of  60,000  to  68,000  lbs.  per 
sq.  in.  was  specified  for  the  arched  ribs,  which  had  a  sectional  area 
equal  to  1/150  part  of  the  total  sectional  area  of  the  arch  ring  at  the 
crown.  In  building  the  skewbaeks  the  concrete  was  dumped  upon  a 
platform  and  then  shoveled  into  place,  this  enabled  the  workmen  to 
keep  the  concrete  thoroughly  mixed  and  proved  to  be  the  best  manner 
in  whicli  to  place  it  in  the  skewback  among  the  rods.  In  turning 
the  arches,  a  one-third  longitudinal  section  of  the  arch  ring  was 
taken  as  one  day's  work.  The  placing  of  the  concrete  was  started 
simultaneously  at  each  skewback  and  carried  forward  uninterruptedly 
until  the  section  was  completed.  Extraordinary  care  was  taken  in 
placing  concrete  under  the  arclied  ribs.  Shovelsfull  of  fine  concrete 
selected  from  the  bate  lies  were  dropped  3  or  4  ft.  and  in  narrow 
strips  without  scattering,  and  the  coarse  stone  pulled  upon  top  with 
a  shovel.  This  operation  continued  sufficiently  to  keep  ahead  of  the 
ablance  of  the  work.  Shovel  tamping  was  done  under  the  ribs  and 
especially  at  the  connecting  rods;  by  this  means  dense  concrete  was 
made  at  a  difficult  and  vital  part  of  the  arch  ring.  Anchor  plates 
for  the  spandrel  wall  forms  were  set  at  intervals  during  the  work 
on  the  arch.  The  top  of  the  arch  was  floated  with  the  back  of  a 
shovel  blade.  With  a  little  extra  care  a  workman  can  put  on  a  very 
good  finish.  This  finish  was  followed  with  a  coating  of  cement  and 
fine  sand,  1  to  1,  slushed  on  and  brushed  in  until  a  uniformly  smooth 
surface  was  made.  An  extra  heavy  coating  was  put  on  the  joints 
between  the  longitudinal  sections  of  the  arch  rings.  All  completed 
work  was  sprinkled  from  2  to  4  times  a  day  for  two  weeks. 

The  expansion  joints  in  the  spandrel  wall  over  the  spring  lines 
are  hidden  by  the  pilasters.  The  walls  were  built  in  alternate  sections, 
and  potters'  clay  was  used  at  all  expansion  joints  instead  of  paper. 
A  shoulder,  4x4-ins.,  was  placed  in  the  edge  of  the  coping  for  a 
seat  for  one  edge  of  the  sidewalk ;  this  will  obviate  an  objectionable 
appearance  of  the  walk  should  the  filling  settle.  The  railing  was 
built  of  paneled  slabs  re-enforeed  with  steel  bars.  It  became  necessary 
to  place  the  trolley  poles  in  the  curb  line  instead  of  in  the  railing  on 
account  of  the  discoloration  of  the  bridge  by  rust,  splitting  of  railing 
posts  by  vibration,  and  obstructing  the  view  from  the  sidewalk.  Cast 
iron  sockets  for  the  poles  extended  from  the  skewbaeks  up  to  the 
bottom  of  the  curb;  they  were  set  in  concrete  and  were  made  con- 
siderably larger  than  the  poles  for  the  purpose  of  plumbing  the  latter. 

The  spandrel  filling  was  composed  of  clay,  gravel  and  broken 
stone.     Instead  of  tamping  the  filling,  it  was  flooded  for  two  days 
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HIGHWAY  BRIDGES  IN  ILLINOIS  OUTSIDE  THE  CITIES. 

BY  FRANK  W.  IVES    ( MEMBER). 

The  earlier  bridges  built  in  Illinois  were  of  course  built  of  native 
wood,  then  the  only  available  material.  As  eariy  as  1832  the  covered 
wooden  bridges  came  into  service  for  long  spans.  With  the  con- 
struction of  the  national  road  came  the  most  durable  of  the  structures, 
and  one  of  the  oldest  bridges  of  any  description  in  Illinois,  is  one 
of  these  which  still  remains  in  service  in  Clark  Countv  on  the  old 
national  road.  These  bridges  were  costly  even  in  those  days  when 
timber  was  plentiful,  but  so  well  built  that  there  are  now  about  30 
still  in  service,  constructed  mostly  between  1843  and  1882.  The 
last  one  of  these  covered  bridges  to  be  built  was  on  the  ferry  road 
opposite  Keokuk.  Another  style  of  early  wooden  bridge  was  that 
built  on  piles  in  bents  of  16  to  20  ft.  for  shallow  or  sluggish  streams; 
these  were  in  many  cases  several  hundred  feet  longer  than  a  modem 
bridge  would  be  built. 

^Following  tlieso  wooden  structures  in  1858  came  the  old  iron 
bowstring  arches.  It  was  with  inucli  difficulty  that  early  contractors 
induced  country  officials  to  see  any  merit  or  value  in  iron  bridges; 
their  cost  was  almost  prohibitive,  and  officials  were  timid  about 
trusting  to  them.  The  first  was  in  Galena  about  1858.  Along  with 
the  iron  arch  bridges  camo  also  tlie  combination  bridges,  and  for 
some  years  bridge  contractors  liad  a  good  business  re-wooding  tliese 
combination  structures.  But  they  have  gone  their  way,  and  with  the 
iron  arches  tliey  arc  now  practically  obsolete. 

Following  came  the  iron  and  steel  trusses  of  various  designs, 
but  the  first  ones  always  with  wooden  joists.  With  the  advent  of 
tiie  steel  I-beam  and  its  utiliy  as  a  floor  joist,  came  more  lucrative 
business  for  contractors  in  replacing  the  old  wooden  joist  with  steel, 
but  this  business  is  rapidly  passing,  and  wooden  joists  on  steel  bridges 
are  now  rarely  asked  for.  The  rapid  falling  off  in  quality  and  quantity 
of  oak  lumber  has  brought  up  the  problem  of  what  to  do  for  bridge 
floors. 

This  brings  me  to  the  bridge  of  today  or  of  the  past  two  years. 
About  95%  of  these  structur(\s  are  I-beam  girder  bridges  for  spans 
up  to  30  ft.,  and  either  pin-connected  or  riveted  low  trusses  for 
spans  from  30  to  75  ft.  Spans  above  75  ft.  are  almost  invariably 
pin-connected  high  trusses,  all  with  steel  joists,  steel  railing  and  plank 
floor. 

With  the  evolution  of  the  steel  bridge  and  its  improvements  there 
has  not  been  a  noticeable  increas<'  in  the  amount  of  metal  used  in  the 
construction  of  the  truvsses.  Many  of  the  early  arch  bridges  were 
quite  heavy  in  their  top  chords  or  arches,  even  though  they  were 
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stringers  4x4  ins.  resting  on  top  of  the  posts,  and  beveled  to  allow 
for  the  incline  of  the  plank. 

There  are  many  wooden  culverts  built  as  wide  as  10  and  12  ft., 
and  10  ft.  high  in  places  where  the  waterway  is  deep.  These  are 
constructed  of  oak  piles  capped  with  6x6-in.  timber  and  supporting 
:3xl2-in.  joist  and  floor.  The  cheapness  of  this  method  of  building 
culverts  makes  them  very  popular,  though  they  are  a  constant  care 
as  well  as  a  menace  to  the  public.  The  water  nearly  always  finds 
some  way  to  wash  out  the  filling  behind  them  and  frequently  leaves 
large  gaps  and  holes  where  horses  are  likely  to  be  caught.  Then  the 
thin  flooring  generally  used  is  easily  broken  by  engines  and  other 
heavy  traffic,  so  that  about  .')0%  of  the  wooden  culverts  are  always  in 
need  of  repair. 

The  drain  on  the  township  treasuries  to  meet  the  cost  of  these 
repairs,  although  of  minor  importance  in  each  case,  amounts  to  so 
much  in  total  in  manv  vicinities,  that  no  funds  can  accumulate  with 
which  to  build  permanent  culverts,  and  it  has  seemed  a  difficult  task 
in  many  places  to  get  enough  ahead  to  make  any  permanent 
improvement. 

But  the  wooden  culverts  are  not  the  only  transient  ones.  Some 
are  built  of  short  sections  of  vitrified  tile  laid  in  a  ditch  and  covered 
with  earth.  They  rest  well  until  the  first  heavy  rain  or  the  first  frost. 
The  road  official  undertook  to  secure  this  unruly  culvert  pipe  by 
building  a  wall  of  brick  or  stone  or  sometimes  even  a  plank  at  each 
end,  but  the  frost  would  not  press  alike  on  all  sides  at  once,  and 
would  push  the  center  joists  ii])  from  the  bottom  or  bulge  them  out 
from  one  side  or  the  other,  so  that  the  first  heavv  water  rush  would 
find  its  course  impeded  and  proceed  to  spoil  things.  Some  officials 
have  secured  the  pipe  by  imbedding  it  in  concrete,  thus  making  it  a 
lining  for  a  concrete  culvert  and  others  have  built  a  wooden  crate 
or  framework  the  entire  len<]rtb  of  the  culvert,  which  has  in  manv 
cases  secured  the  pipe  from  washouts,  but  even  then  there  is  the 
danger  of  wheels  in  muddy  times  going  down  and  striking  the  pipe 
and  crushing  it. 

Another  make-shift  is  the  use  of  old  boilers,  boiler  flues  and 
worn  out  smokestacks,  which  are  being  utilized  in  some  places,  particu- 
larly in  Peoria,  Knox  and  Fulton  counties,  on  account  of  their  cheap- 
ness. They  will  soon  rust,  or  flatten,  or  crush,  but  usually  give 
satisfactory  service  wbile  they  last.  Stone  and  brick  have  not  proved 
entirelv  satisfactorv  for  culverts  for  the  reason  that  thev  are  not 
always  placed  on  a  secure  foundation  or  are  not  stiff*  enough  to  hold  the 
pressure  of  dirt,  so  that  the  keystone  or  crown  of  arch  frequently 
falls  in,  wrecking  the  structure.  While  they  are  more  durable  than 
the  styles  mentioned  before,  they  are  not  permanent  as  usually  built, 
and  are  not  now  being  built  to  any  great  extent  in  Illinois.  If  con- 
structed of  hard  burned  brick  tbey  will  do  well  provided  the  mortar 
can  be  made  to  adhere  permanently  to  the  brick. 
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The  concrete  culvert  is  likely  to  become  the  most  popular  in 
some  of  its  forms.  It  is  easily  adapted  to  all  sorts  of  conditions  and 
localities.  In  nearly  all  parts  of  the  State  can  be  found  suitable 
concrete  material,  and  this  fact  eliminates  quite  a  large  item  for 
transportation,  which  enters  largely  into  the  cost  of  stone  structures. 
There  is,  (1),  the  concrete  arch  without  steel  re-inf orcement ;  (2),  the 
same  for  longer  spans  with  steel  re-inf  orcement ;  (3),  the  radial 
block  arch  culvert  made  with  concrete  foundations  and  wings  and  on 
top  of  the  foundation  the  arch  formed  of  hollow  concrete  building 
blocks,  so  made  as  to  lay  in  a  semi-circle.  These  are  useful  in  culverts 
up  to  6  or  more  feet,  but  their  value  consists  largely  in  the  quality 
of  the  blocks  that  enter  into  its  construction.  Until  blocks  are  made 
that  are  absolutely  reliable  this  culvert  will  be  under  suspicion.  The 
same  kind  of  a  culvert  is  being  built,  using  hollow  vitrified  blocks 
instead  of  concrete  blocks,  laid  in  cement  mortar.  There  seems  to  be 
some  possibility  that  in  both  these  blocks  there  is  some  danger  of 
moisture  getting  into  the  hollow  parts  in  sufficient  quantities  to 
freeze  and  break  the  blocks  and  make  trouble.  However,  no  such 
thing  has  occurred  in  culverts  of  this  kind  that  have  come  under  my 
observation. 

A  more  satisfactory  culvert  than  any  other  is  the  flat  top 
re-inf orced  concrete  culvert.  In  this  we  almost  lose  the  distinction 
between  a  culvert  and  a  bridge,  as  the  same  design  and  plan  may  be 
carried  out  whether  the  waterway  bo  2  ft.  or  30  ft.  wide.  The  design 
is  simple,  consisting  of  two  concrete  abutments  and  four  wings,  vary- 
ing in  thickness  according  to  the  height  of  same  and  length  of  the 
span.  The  wings  should  l)e  built  up  liigher  than  the  abutments,  to 
the  level  of  the  floor  anyway.  On  top  of  tlie  abutments  are  placed 
I-beams  spaced  2  to  3  ft.  apart  (depending  on  weight  of  beam)  and 
on  top  of  this  is  the  re-inforced  concrete  floor.  The  I-beam  joist 
should  be  imbedded  in  the  concrete  abutment  so  that  the  lower  side 
of  the  floor  is  at  the  same  level  as  the  top  of  the  abutment,  in  order 
that  they  may  be  absolutely  incorporated  with  each  other.  The  same 
plan  may  be  and  has  been  used  for  short  culverts  by  using  old  rails 
instead  of  I-beams  and  omitting  the  corrugated  bar  re-inforcement,  but 
imbedding  the  rails  entirely  in  the  conen^te  floor,  thus  protecting  them 
from  rust. 

The  concrete  should  be  made  (where  possible)  of  crushed  stone 
and  crushed  stone  screenings,  washed  gravel  and  torpedo  sand.  Com- 
mon bank  or  river  gravel  and  sand  is  used  extensively  also,  but  care 
must  be  taken  in  such  cases  to  kee[)  out  clay  and  vegetable  matters. 

There  should  be  some  olflcial  basis  of  calculation  or  some  pre- 
scribed form  of  general  specifications  to  guide  the  country  officials 
in  their  selection  of  bridge  and  culvert  plans.  There  should  be  a 
State  Engineer  or  Bridge  Commissioner  whose  duty  it  shall  be  to 
supervise  all  bridge  and  culvert  construction.  As  it  has  been  the 
prevailing  sentiment  that  the  lowest  bid  on  bridge  and  culvert  work 
must  be  accepted  by  officials,  and  as  ignorant  and  incompetent  con- 


150 


Illinois  Sooibty  of  Engineers  and  Suryeyobs. 


In  the  case  of  reinforced  concrete  bridge  abutments  as  built  by 
the  Wabash  Ry.,  a  very  marked  saving  was  made  over  the  cost  of 
monolithic  abutments.  The  former  have  greater  stability  due  to  their 
shape,  and  also  are  free  from  unsightly  cracks. 

The  application  of  reinforced  concrete  to  bridge  floors,  both  for 
highway  and  railway  bridges,  is  leading  to  an  entire  change  of  prac- 
tice in  this  important  field.  For  highway  bridges  not  only  can  rein- 
forced concrete  floors  be  put  in  more  cheaply  than  buckle-plate  floors, 
but  they  are  lighter  and  hence  reduce  the  cost  of  the  girders  or  trusses. 
For  light  highway  bridges  those  floors  cost  but  little  more  than  a 
wooden  floor,  and  require  no  maintenance  expense.  For  railway 
bridges  several  roads  have  already  made  such  floors  standard.  The 
most  satisfactory'  bridge  floors  on  the  Chicago  track  elevation  are  of 
this  type.    They  have  proved  to  be  waterproof  and  cost  less  than  the 
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creosoted  timber  and  ballast  floors  previously  been  put  in  on  the  same 
work. 

To  illustrate  the  strength  of  this  ccmstruction  several  panels  of 
the  warehouse  floors  of  tlu*  now  IG-story  building  of  the  Xortii  Ameri- 
can Cold  Storage  Co.,  at  Chicago,  were  tested  recently  with  a  load 
of  1,200  lbs.  per  sq.  ft.,  or  a  total  of  270,000  lbs.  (six  car  loads  of  pig 
iron),  on  an  area  15  in.  by  15  ft.  These  floors  are  slabs  8  ins.  deep, 
with  V^-in.  corrugated  bars  spaced  3-in.  centers,  designed  for  300  lbs. 
per  sq.  ft.  load,  and  the  deflection  under  this  severe  loading  was  %-in. 
at  the  center. 

Another  interesting  example  of  this  kind  of  construction  is  the 
circular  tank  at  Lake  Geneva,  Wis.,  50  ft.  in  diameter  and  17  ft.  high, 
the  wall  of  which  is  from  4  to  8  ins.  thick.  This  reservoir  is  water 
tight  and  otherwise  satisfactory. 
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angles,  above  and  below  the  windows,  and  made  continuous  by  mean? 
of  long  sleeve  nuts,  throughout  the  length  of  the  concrete  walls,  thus 
tieing  the  whole  structure  together. 

The  second  structure  is  that  of  a  foundation  for  a  water  softening 
plant  for  a  woolen  factory.  The  interesting  points  of  this  structure 
are :  the  load  carried,  the  difficulties  presented  by  its  peculiar  location, 
and  the  unusual  design.     The  coloring  tanks  were  an  after-thought 
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and  are  carried  on  the  Ijuilding  wall  and  piors  by  cutting  niches  each 
about  G  ins.  deep  for  supports  for  the  bottom  of  each  girder  which 
carries  the  upper  floor,  the  bottom  of  the  tanks  and  also  serve  as 
partitions  between  the  tanks.  The  liquid  coloring  matter  goes  into 
the  tanks  boiling  hot.  The  girders  or  partitions  in  the  left  three  tanks 
carry  a  concrete  trestle  which  supports  one  end  of  the  concrete  floor 
on  which  rests  the  filtering  tank. 

Note — The  erecting  shop  was  designed  by  Mr.  W.  W.  Creboie 
for  the  IngersoU  Machine  Co. 
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shown  in  Fig.  2,  owing  to  shear  in  the  middle  panel.  This  inclination 
is  prevented  by  using  for  the  lower  member  a  timber  that  is  stiff 
enougli  to  keep  the  lower  joints  in  line. 

In  order  to  design  this  "straining  beam/'  as  we  may  call  it,  we 
notice  that  the  unloaded  joint  will  rise  with  the  same  force  as  that 
with  which  the  loaded  one  falls,  the  action  being  similar  to  that  of  a 
pair  of  balances.  As  regards  the  action  on  the  straining  beam,  we 
may  then  consider  that  half  of  the  unbalanced  weight  is  resisted  at 
the  point  beneath  it  and  the  remaining  half  at  the  other  vertical 
where  it  acts  as  a  pull  upward.  The  beam  is  then  under  forces  which 
tend  to  force  it  into  the  form  shown  by  the  dotted  lines  in  Fig.  2. 
We  note  that  a  point  of  reversed  curvature  or  contraflexure  occurs 
at  the  middle,  indicating  that  the  beam  is,  at  this  point,  under  no 
bending  action.  From  this  we  reason  that  the  design  of  the  piece 
is  based  on  the  case  of  a  beam  half  as  long  as  the  span  of  the  bridge 
and  supporting  a  load  equal  to  half  of  the  excess  load  assumed. 
Indeed  a  splice  may  actually  be  made  at  the  middle  of  the  span  if 
desired.  The  batter  posts  and  top  chord  are  in  compression,  as  if 
a  half  excess  load  were  at  each  upper  joint  and  the  verticals  are  one 
in  tension  and  one  in  eompres«?ion,  by  an  amount  of  half  of  the 
applied  load. 

The  analysis  of  stresses  in  a  queen  post  truss  is  then  within  the 
reach  of  anyone  capable  of  handling  simple  problems  in  trusses, 
beams  and  joists.  Just  hero,  however,  occurs  one  of  those  apparent 
discrepancies  between  theory  and  practice  w^hicli  tend  to  promote 
mutual  distrust  l)otween  the  niatheniatical  and  tlie  practical  builder. 
The  trouble  here  is  that  in  tlic  above  discussion,  which  is  substantially 
as  given  by  most  writers,  the  conditions  assumed  are  not  realized  in 
usual  construction.  This  is  shown  wiien  we  recall  the  details  used, 
for  the  load  is  supported  in  turn  by  planking,  floor  joists  or  stringers, 
and  transverse  needle  beams,  while  the  iron  rods  which  suspend  the 
needle  beam  from  tlie  upper  joint,  merely  pass  through  the  straining 
beam  and  transmit  no  stress  to  it.  If  the  piece  is  solid  a  hole  is 
provided,  or  if  it  is  built  of  two  pieces  the  rod  passes  between  them. 
Therefore  the  action  is  actually  as  shown  in  Fig.  3,  the  needle  or 
cross  beam  sinking  under  its  load  and  swinging  clear  of  the  straining 
beam,  which  tends  to  assume  a  shape  due  to  an  upward  pull  of  the 
other  vertical,  and  equal  to  tlie  whole  excess  load.  Fig.  3  shows  the 
condition  under  which  we  should  have  to  design  our  beam  as  one 
having  the  same  span  as  the  entire  bridge  and  sustaining  all  the 
unbalanced  load  at  one  joint.  That  is  to  say,  with  both  length  and 
load  twice  as  great  as  our  engineering  authors  provide,  for  our  beam 
is  one-quarter  as  strong  as  before  and  we  are  no  better  off  than  if 
our  bridge  had  been  made  by  laying  beams  across  tlie  opening,  with 
no  trussing  whatever.  Fortunately  we  are  able  to  vindicate  the  theory 
and  by  a  slight  change  in  detail  to  realize  the  conditions  assumed  by 
engineering  authors  in  the  discussion  first  given.  This  consists  simply 
in  arranging  the  vertical  members  to  transmit  compression  as  well  as 
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REPORT  OF  THE  COMMITTEE  ON  STRUCTURAL 

ENGINEERING. 

Structural  work  during  the  past  year  has  been  fairly  active. 
Plans  are  under  way  for  st^l  buildings  in  Chicago  that  will  require 
some  100,000  tons  of  iron  and  steel,  and  the  Illinois  Steel  Co.  is 
expending  about  $6,000,000  in  improvements  at  its  South  Chicago 
works.  Since  the  consolidation  of  the  large  structural  iron  works,  a 
number  of  independent  concerns  have  come  into  existence.  In  the 
main  they  have  been  successful  and  they  show  a  steady  growth.  A 
greater  specialization  of  the  different  classes  of  structural  iron  work 
is  now  being  made  between  the  shops,  which  is  evidently  working  for 
the  better  interests  of  all  concerned. 

In  Chicago  there  are  under  contemplation  the  following  im- 
portant works :  A  system  of  subways  for  street  railways,  the  extension 
of  the  Illinois  Telephone  Construction  Co.^s  tunnels  for  freight  trans- 
portation, a  viaduct  connecting  the  north  and  south  side  boulevard 
systems,  and  additional  track  elevation.  The  problem  of  reducing 
the  excessive  noise  from  elevated  railways  is  being  investigated,  and 
for  this  purpose  the  City  Council  has  appointed  a  special  engineer. 
Among  other  schemes,  it  has  been  proposed  to  encase  the  steel  structure 
with  concrete  and  to  support  the  rails  on  longitudinal  timber  sleepers 
resting  on  cushions  of  sand  or  asphalted  felt.  A  large  part  of  the 
noise  in  cities  is  a  nuisance  which  can  and  should  be  prevented. 

The  largest  bridge  under  erection  in  the  State  is  the  double 
track  railway  cantilever  bridge  over  the  Mississippi  river  at  Thebea. 
This  structure  has  a  channel  span  of  671  ft.  The  total  length  is 
3,807  ft.  Tlie  approaches  consist  of  concrete  viaducts  with  arches 
of  65  and  100  ft.  span.  During  the  past  year  a  nimiber  of  bascule 
bridges  have  been  erected.  This  style  of  structure  is  rapidly  super- 
seding the  center-pier  drawbridge  for  certain  classes  of  navigable 
streams,  of  which  the  Chicago  river  is  typical. 

The  construction  of  steel  highway  bridges  is  not  yet  carried  out 
as  scientifically  or  as  systematically  as  is  the  construction  of  railway 
bridges.  There  is  too  wide  a  variance  in  the  loadings  and  specifica- 
tions for  highway  bridges.  One  firm  reports  that  of  12  or  14  bridges, 
no  two  were  alike  and  there  was  very  little  in  common  between  them, 
notwithstanding  the  fact  that  the  spans  were  often  about  the  same. 
A  great  deal  of  difficult  work  could  be  avoided,  and  the  cost  of  highway 
bridges  lessened  by  the  adoption  of  some  uniformity  of  specifications 
and  loadings  and  by  accepting  a  number  of  simple  standards  covering 
different  parts  of  a  liighway  bridge.  The  standards  should  cover  the 
following : 

The  most  suitable  and  economical  type  of  bridge  for  the  span; 
the  relation  of  depth  of  truss  to  lengtli  of  span ;  the  section  of  material 
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so  that  engineers  now  have  definite  data  upon  which  to  design.  In 
this  connection  your  committee  wishes  to  express  its  appreciation  of 
the  valuable  work  performed  by  the  Engineering  Experiment  Station 
of  the  University  of  Illinois.  Concrete-steel  beams  are  being  used 
largely  for  the  floors  of  fireproof  buildings.  Among  the  more  im- 
portant structures  which  have  recently  been  constructed  with  concrete- 
steel  floors  are  the  following:  The  Ingalls  Building,  Cincinnati,  O., 
span  of  floor  beams  IG  ft.;  the  Gamble  Building,  Kansas  Cit}',  Mo., 
16.5  ft.  spans;  warehoiisc  at  13th  St.  and  Michigan  Ave.,  Chicago, 
15  to  20  ft.  spans;  building  of  the  filtration  plant  at  New  Haven, 
Conn.,  20  ft.  spans. 

There  is  still  a  very  wide  variation  in  the  sections  and  the  shape 
of  concrete  arches  that  have  recently  been  built,  even  when  the  loading 
is  the  same.  The  factor  of  safetv  in  these  arches  varies  from  1  to  100, 
not  onlv  in  different  structures,  but  also  in  the  same  structure.  Evi- 
dently  there  is  much  unscientific  and  irrational  designing.  Nowhere 
is  the  factor  of  safety  so  evidently  a  factor  of  ignorance.  That  arch 
failures  arc  ver}'  rare  speaks  well  for  this  type  of  bridge,  but  undoubt- 
edly money  has  been  wasted  on  an  excess  or  an  uneconomical  distri- 
bution of  material.  The  elastic  theory  as  a  rational  basis  for  designing 
concrete  and  concrete-steel  arches  is  now  generally  accepted  by  the 
most  experienced  engineers.  The  results  of  tests  of  full  sized  arches 
confirm  this  theory;  but  the  cumbersome  and  tedious  mathematical 
formulas  have  led  the  designer  to  seek  one  of  the  numerous  ancient  arch 
theories,  and  after  finding  that  lie  can  get  any  kind  of  a  section  he 
wishes  by  simply  picking  out  and  accepting  a  certain  method,  he  very 
naturally  throws  aside  all  of  them  and  proceeds  to  draw  up  his  plans 
after  some  structure  that  suits  his  fancy.  Recently  several  engineers 
have  made  investigations  to  find  rules  of  variation,  approximate  meth- 
ods or  empirical  fornmlas  wliich  are  based  on  or  give  results  conform- 
ing to  the  elastic  theory  of  arches.  A  paper  on  such  research  was  pre- 
sented at  the  recent  meeting  of  tlie  American  Association  for  the 
Advancement  of  Science  at  St.  Louis.  At  the  present  time,  work  in 
this  direction  is  one  of  the  most  important  and  valuable  fields  of 
research  for  the  engineering  profession. 

L.  K.  Sherman,  F.  W.  Vox  Oven,  C.  W.  Malcom. 
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tests.  However,  within  the  limits  within  which  the  stress  varies  in 
concrete  arches,  it  would  probably  be  as  accurate  as  are  the  common 
laws  pertaining  to  material  which  we  use,  to  say  that  the  deformation 
is  proportional  to  the  stress.  Prof.  Howe  has  a  very  elaborate  treatise 
on  the  elastic  arch,  which  is  about  as  complicated  as  any  arch  theory 
as  far  as  mathematics  ife  concerned.  Another  book  which  is  much 
used  in  Cain's  "Theory  of  Concrete-Steel  Arches,"  giving  a  graphical 
solution  based  upon  the  elastic  theory  of  the  arch,  which  is  about  as 
easy  a  solution  as  therc  is.  There  have  been  methods  of  analysing 
reinforced  arches  worked  out,  based  upon  the  elastic  theory  as  given 
in  Howe's  book  and  Greene's  "Treatise  on  Arches."  One  of  these  is 
by  Mr.  Colpits,  who  has  worked  out  some  tables  for  the  solution  of 
arches  based  upon  the  elastic  theory.  One  trcuble  with  Mr.  Colpits' 
analyses,  wlien  applied  to  reinforced  arches,  is  that  he  assumes  that 
the  deformation  of  the  material  is  prcportional  to  the  stress.  If  the 
material  were  a  homogeneous  material,  whether  all  concrete  or  all 
steel,  that  of  course  would  be  true  or  nearly  so,  but  it  is  hardly  true 
to  say  that  the  deformation  throughout  the  section  is  proportional  to 
the  stress  when  we  have  two  radically  different  materials,  steel  and 
cnocrete.  I  do  not  think  there  is  any  such  error  in  Cain's  work.  Last 
year  I  had  under  my  charge  two  investigations  of  arches.  They  were 
made  according  to  Cain's  theory,  and  1  tried  to  obtain  some  check 
by  Mr.  Colpits,  who  has  worked  out  some  tables  for  the  solution  of 
about  300%.  For  plain  concrete  arches,  Mr.  Colpits'  assumption 
would  probably  be  correct. 

Mr.  Gregg:  In  making  the  briquettes  for  the  Kankakee  bridge 
work,  1  used  a  stone  dust  whicli  had  passed  a  Xo.  30  screen.  The 
screenings  used  in  the  concrete  all  passed  through  a  ^4-in.  screen  at  the 
crusher.    This  was  mixed  with  IVo-iu.  or  2-in.  stone. 

Mr.  R.  L.  Humphrey:  We  are  too  prone  to  use  a  fixed  pro- 
portion, with  little  regard  to  the  voids  in  the  materials  used.  Gener- 
ally speaking,  it  is  better  to  use  a  material  graded  from  coarse  to 
fine,  rather  than  one  composed  of  several  sizes  not  well  proportioned. 
Concretes  are  usually  fabricated  from  stone  of  one  size  (%-in.  or 
more)  and  sand  which  is  quite  fine,  and  cement.  Such  a  mixture 
requires  a  large  percentage  of  cement  to  fill  the  voids  and  does  not 
produce  a  dense  mass.  If  we  use  the  stone  as  it  comes  from  the 
cruslier,  excluding  the  very  fine  dust,  and  add  sufficient  sand  to  fill 
the  voids  in  the  stone  and  use  enough  cement  to  fill  the  voids  in  the 
mixture  (allowing  a  10%  excess  of  the  latter)  we  will  obtain  a  far 
better  concrete.  It  is  for  this  reason  that  gravels,  free  from  organic 
matter  or  an  excess  of  verv  fine  material,  make  such  excellent  con- 
cretes.  Such  material  is  naturally  well  graded  from  coarse  to  fine, 
and  when  sufficient  sand  is  added  to  fill  the  voids,  vou  obtain  a  verv 
dense  mass  and  therefore  a  verv  strono^  one. 

In  Mr.  Gregg's  case,  much  better  results  could  have  been  obtained 
if  he  had  sized  the  P/j  or  2-in.  stone  down  to  the  y^-in.  screen,  and 
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No  remarkable  changes  in  architectural  design  or  practice  have 
occurred  during  the  year,  but  an  unusual  amount  of  building  has  been 
done  throughout  the  entire  State,  and  this  work  has  generally  been 
better  and  more  expensive  than  usual.  The  number  of  large  fireproof 
office  buildings  erected  in  Chicago  during  the  year  is  surprising, 
and  still  rents  of  offices  in  fir^tclass  buildings  are  constantly  increas- 
ing. This  is  certainly  remarkable,  for  business  is  generally  seriously 
affected  by  political  uncertainties  in  the  year  of  a  presidential  election. 

The  cost  of  all  kinds  of  building  lumber  continues  to  rise,  show- 
ing that  a  radical  change  in  the  current  method  of  construction  must 
soon  be  made,  and  that  it  may  soon  become  possible  to  erect  fireproof 
structures  with  due  regard  to  relative  (»conomy.  As  usually  happens, 
increased  cost  of  materials,  labor,  and  fixtures,  seems  to  have  but 
little  repressive  effect  on  l)uilding  enterprises,  so  long  as  money  is 
.  abundant  and  cheap.  But  any  panic  or  failure  of  confidence  in  busi- 
ness circles  would  promptly  stop  all  projects  for  new  buildings. 

Some  very  interesting  experiments  made  recently  at  the  Engi- 
neering Experiment  Station  of  the  State  University  give  more  com- 
plete data  than  have  be(»n  hitherto  available  for  determining  the  actual 
strength  of  armored  concn»te  beams  of  large  av/xt.  This  system  of 
construction  now  certainly  i)romises  to  he  lest>  costly  than  and  equally 
efficient  as  the  hollow  tile  system  of  fireproofing  usually  employed 
in  city  offia*  buildings.  The  ri'duction  in  price  of  American 
Portland  cement  and  the  successful  improvement  in  quality,  uni- 
formity, and  n»liability  of  the  product,  apjx^ars  to  sliow  that  concrete 
strengthened  by  steel  will  eventually  make  it  possible  to  construct 
fireproof  schools,  churches,  and  even  houses  within  the  permissible 
limit  of  cost.  IMiere  is,  howev(»r,  still  some  doubt  concerning  the 
lK?havior  of  this  concrete  construction  when  exposed  to  a  hot  fire 
and  heavy  streams  of  water  in  casi*  of  a  fire  in  a  large  building.  There- 
fore architects  are  disposed  to  be  conservative  in  using  the  new  system 
before  it  has  passed  through  the  ordeal  of  a  seven*  fire. 

The  use  of  hollow  concrete  blocks  is  certainly  increasing  rapidly 
in  different  parts  of  the  Stat(»,  and  good  results  have  been  obtained 
where  proper  care  has  been  exercised  in  making  the  blocks.  Perhaps 
the  greatest  objection  is  that  a  comp(»tent  architect  is  seldom  employed 
to  design  the  building  with  proper  regard  to  the  nature  of  the  material, 
so  as  to  make  it  as  effective  and  appropriate,  avoiding  the  "macliine- 
made"  look  as  much  as  possible. 

A  satisfactorv  substitute  for  wooden  floors,  which  would  be 
incombustible,  sufficiently  elastic,  germ-proof,  and  pleasing  in  appear- 
ance, is  a  [)ressing  need.    When  this  is  found  it  would  produce  a  great 
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advance  in  tlio  sanitation  and  comfort  of  our  liouses,  offices,  and  otlier 
buildings. 

The  license  law  for  architects  still  produces  satisfactory  result^ 
and  is  generally  acceptable  to  the  architects  of  the  State.  It  has 
certainly  contributed  much  to  improve  the  status  of  the  architect 
before  the  public,  and  it  has  materially  elevated  the  average  educa- 
tional attainments  of  the  professional  architect.  Of  the  700  persons 
originally  licensed  to  practice  because  they  were  actually  in  practice 
at  the  time  the  law  became  effective  7^^  years  since,  nearly  two- 
sevenths  have  abandoned  practice  and  have  been  replaced  by  over  150 
persons  who  have  passed  the  required  examinations.  Before  the  end 
of  the  next  20  years,  all  architects  practising  in  this  State  will  have 
passed  the  examinations,  thus  placing  the  profession  upon  at  least  an 
equal  footing  with  any  other. 

N.  (\  Kicker,  F.  Oswald,  S.  A.  Bullard. 

Not?: — A  discussion  on  the  Architects'  licensing  law  will  be  found 
with  the  discussion  on  the  surveyors'  lic(»nsing  hiw.  on  page  53. 


164  Illinois  Society  of  Engikesrs  and  Subvbtobs. 


SCHOOL  HOUSE  CONSTRUCTION. 

BY  F.  OSWALD    (KEMBEB). 

1.  Choice  of  Site.  In  selecting  a  site  for  a  school  house,  choose 
a  location  that  is  dry,  reasonably  level,  and  not  on  the  main  business 
streets,  removed  as  far  as  possible  from  railways,  factories,  workshops 
and  stables.  The  healthfulness  of  the  location  should  be  carefully 
considered.  The  approval  of  the  district  physician,  of  the  sanitary 
ofi&cial,  or  of  the  board  of  liealth  should  also  be  secured.  The  area 
of  the  site  should  at  least  be  sufficient  to  prevent  shade  from  adjoining 
buildings.  The  space  for  the  recreations  of  the  pupils  should  be 
generous,  and  it  should  have  a  pavement  of  brick  or  concrete,  with  its 
surface  inclined  toward  traps  connected  with  the  sewer.  Where  it  is 
necessary  to  locate  a  school  on  a  frequented  or  a  narrow  street,  it 
should  be  placed  near  tlie  rear  of  the  lot  with  the  yard  next  the  street, 
and  this  should  be  laid  out  with  walks,  lawn,  and  shrubs;  the  school 
premises  should  be  enclosed  by  an  iron  fence,  not  less  than  4  ft.  high. 
The  play  grounds  should  be  screened  from  view  of  the  street.  It  is 
often  recommended  that  the  borders  of  scliool  yards  and  play  grounds 
be  planted  with  shade  trees,  but  these  must  not  be  less  than  25  ft. 
from  the  building. 

2.  General  System  of  Construction.  A  school  building  with  a 
seating  capacity  of  less  than  400,  or  one  not  over  two  stories  and 
basement  in  height,  may  be  built  of  ordinary  construction.  Buildings 
with  a  seating  capacity  of  400  to  800,  or  which  are  not  over  three 
stories  and  basement  in  height,  should  be  built  of  slow-burning  or 
fireproof  construction.  School  buildings  that  seat  more  than  800 
pupils,  or  which  are  more  than  three  stories  and  basement  in  height, 
should  be  entirely  fireproof.  Smaller  school  buildings,  only  one  or 
two  stories  in  height  and  not  containing  more  than  four  class  rooms, 
may  be  constructed  of  wood,  but  the  internal  woodwork  should  always 
be  coated  with  fireproof  paint. 

3.  Details  of  Construction.  Foundations  should  be  so  con- 
structed and  proportioned  that  the  pressure  upon  the  soil  beneath 
may  not  exceed  the  safe  limit  for  the  particular  kind  of  soil.  Mixed 
clay  and  sand,  if  wet,  should  not  be  loaded  with  more  than  3,000  lbs. 
per  sq.  ft.,  but  if  in  thick  beds,  dry  and  thoroughly  compressed,  it 
may  be  loaded  up  to  4,500  lbs.  per  sq.  ft.  If  concrete  foundations 
are  used,  without  the  insertion  of  steel  beams  or  rails,  they  must  not 
be  loaded  more  than  8,000  lbs.  per  sq.  ft.  If  reinforced  by  steel 
beams,  these  must  be  so  adjusted  that  the  fiber  stress  in  the  steel  may 
not  exceed  16,000  lbs.  per  sq.  in.  Dimension  stones  for  foundations 
and  walls,  set  with  full  beds  of  cement  mortar  and  well  tamped, 
may  be  loaded  up  to  10,000  lbs.  per  sq.  ft.    If  the  beds  of  the  stones 


166  Illinois  Society  of  Engineebs  and  bURVEYOBS. 

looking  out  when  seated,  and  the  top  of  the  window  should  extend 
as  near  the  ceiling  as  the  finish  will  permit.  A  transom  in  the 
window  is  objectionable,  as  the  deep  bar  obstructs  the  light,  and  easts 
shadows  in  the  room.  Windows  evenly  distributed  in  the  side  wall 
diffuse  the  light  better  than  a  great  mullioned  window  of  equal  glass 
area  placed  in  the  center  of  the  wall,  this  arrangement  leaving  the 
corners  of  the  room  in  shadow.  There  is  no  objection  to  the  use 
of  mullioned  windows,  if  the  light  be  so  ample  that  none  of  the 
desks  are  shadowed,  providing  that  tlie  building  bi»  so  constructed 
that  the  proper  internal  temperature  may  be  maintained,  when  so 
large  a  glass  area  is  used.  Where  arched  windows  are  used,  the 
Jieight  of  the  rooms  should  be  increased,  the  glass  area  being  counted 
only  for  the  rectangular  })ortion  of  the  window  meeting  the  arched 
head.  By  double  glazing  nearly  50%  of  the  heat  passing  through 
single  glass  can  be  saved.  Tlie  two  panes  must  be  thoroughly  clean 
and  dry  and  be  si»t  1  in.  apart  if  possible.  Double  sets  of  sasii  prevent 
much  waste  of  heat  througli  the  windows  and  are  more  effective  in 
checking  the  drafts  through  crevicc»s  and  in  shutting  out  dust  and 
noise.  In  considering  any  additional  thickness  of  brick  walls,  the 
ttost  of  each  additional  4  inches  in  the  thickness  of  the  external  brick 
walls  of  a  school  building  will  increase  its  cost  4  to  5%.  Basement 
windows  should  not  be  less  than  4  ft.  high  l)etween  sill  and  lintel. 
The  height  of  basement  should  not  be  less  than  10  ft.  in  the  clear 
for  the  proper  installation  of  the  heating  a|)paratus.  ProiK»r  ventila- 
tion requinis  about  five  times  as  mucli  heat  as  the  quantity  let 
through  walls,  windows,  ceiling  and  floors. 

The  basement  floors  should  be  of  solid  concreti*  or  cinder  filling 
for  gj'mnasium  and  play  rooms.  A  coat  of  hot  asphalt  or  tar  concrete 
may  lx»  laid  on  the  concrete  if  j)lace(l  on  damp  soil.  The  l)aseraent 
must  have  s(»parate  toilet  rooms  for  boys  and  girls;  thesis  should  adjoin 
the  play  rooms  and  be  readily  accessible  from  the  school  yanl.  Where 
space  permits,  the  basement  may  well  be  utilized  for  gymnasium, 
baths,  cooking  and  manual  training,  classics,  etc.  In  large  scrhool 
buildings,  the  boiler  and  coal  room  should  be  placed  in  a  separate 
building,  provided  that  the  size  of  the  lot  permits  this  arrangement. 

All  floors  above  the  basement  floor  in  larg(»  schools  should  1k» 
fireproof.  Mill  construction  of  heavy  timbers  has  the  disadvantage 
of  shrinking  and  cracking.  As  the  market  seldom  afl'ords  seasone<l 
timJKirs  of  large  dimensions,  it  therefore  a])pears  advisable  to  use 
sttvl  beams  with  large  arch  construction  of  concrete  or  hollow  tiles.  In 
case  wood  joists  are  used,  it  is  nwessary  for  all  ceilings  to  be  wire  or 
metal  lathed  as  a  fire  protection  and  for  greater  durability  of  tlie  plas- 
tering. The  ])rincipal  danger  from  fire  is  from  the  basement.  With 
the  first  floor  constructed  of  incombustible  or  slow  burning  materials 
with  all  internal  partitions  of  masonry  construction,  with  the  plaster- 
ing laid  directly  upon  hollow  brick  external  walls,  and  with  wire 
lathed  ceilings,  if  the  basement  is  isolated  from  the  first  floor  by  self- 
closing  and  metaJ-covered  doors,  all  fires  iM'ing  confined  to  the  base- 
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to  a  point  above  the  highest  part  of  the  building.  The  opening  in 
the  fresh  air  flue  is  about  8  ft.  above  the  top  of  the  floor;  in  this 
manner  the  foul  and  colder  air  will  be  removed  from  the  room  and 
discharged  througli  the  vent  flue.  Besides  this  indirect  steam  heating 
system,  there  are  direct  systems  of  heating  by  steam  or  hot  water. 
The  direct  steam  heating  has  some  advantages  over  the  indirect  steam 
or  hot  air  system.  When  direct  radiators  are  set  before  or  beneath 
the  windows  and  near  the  greatest  exposure,  thus  warming  the  room 
more  uniformly.  In  American  schools,  the  accepted  standard  of 
fresh  air  supply  is  30  cu.  ft.  per  minute  for  each  pupil,  which  must 
be  heated  in  zero  weather  sufficiently  to  maintain  a  temperature  of 
70°  F.,  the  maximum  temperature  to  be  permitted  in  a  class  room. 
Booms  are  frequently  overheated,  the  temperature  being  in  winter 
from  72  to  76 '^  F.  Direct  steam  lieating  is  efficient  for  heating, 
but  it  supplies  no  fresh  air.  Hence  indirect  steam  heating  for  class 
rooms  and  direct  heating  for  halls  should  always  be  employed, 
although  more  expensive.  Hot  water  heating  is  more  costly  to  install 
than  steam  heating,  but  is  much  more  durable. 

There  are  two  systxMns  of  ventilation:  1,  By  gravity,  where  tlie 
movement  of  the  air  is  caused  by  the  dilferent  densities  of  the  warm 
air  in  the  flues  and  of  the  cold  air  outside. 

2.  The  mechanical  system,  wlien  the  air  is  moved  by  fans, 
driven  by  steam  or  gas  engine,  or  by  an  electric  motor.  The  mechanical 
system  is  alone  certain  to  supply  tlic  required  voluifie  of  fresh  air 
per  pupil,  when  of  proper  dimensions  and  installed  by  a  competent 
maker.  The  usual  gravity  system  supplies  generally  but  a  small 
portion  of  the  fresh  air  neded,  so  that  the  windows  are  frequently 
opened  to  make  up  the  deficiency,  at  the  risk  of  producing  cold 
draughts  in  the  class  room. 

For  example,  take  the  class  room  23x34x12  ft.,  containing  one 
teacher  and  48  pupils.  Volume  fresh  air  per  hour=49 X 1800= 
88,200  cu.  ft.  Capacity  of  room=23x34xl2=9384  cu.  ft.  Then 
88,200-f-9384=9.4,  which  shows  that  the  air  in  the  room  should  be 
changed  9^^  times  per  hour.  It  is  changed  much  less  frequently  in 
most  class  rooms,  which  shows  that  school  rooms  are  very  poorly 
ventilated,  and  that  preventable  diseases  may  be  caused  thereby. 

School  boards,  and  others  interested  in  school  construction,  should 
recognize  that  no  great  saving  in  cost  can  usually  be  made,  except 
by  the  sacrifice  of  desirable  features,  and  that  the  permanent  value 
of  a  building  depends  upon  the  knowledge,  skill  and  forethought 
employed  by  the  architect  in  the  disposition  of  its  parts,  in  the 
durability  and  fire-resisting  character  of  its  construction;  in  the 
quality  and  sufficiency  of  its  appointments  and  fittings;  and,  finally, 
that  mere  beauty  of  design,  though  no  small  consideration,  may 
fittingly  be  restricted  within  the  limits  possible  to  attain  in  brick 
construction. 

The  difference  in  cost  between  a  school  building  designed  with 
due  regard  for  architectural  effect,  and  one  of  a  purely  utilitarian 
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THE  CHICAGO  PAKKS. 

BY  A.   C.  SCIIIIADEU    (MEMBEH)- 

For  the  extension  of  its  park  svsteni  the  city  of  Chicago  has 
authorized  the  issue  of  $6,000,000  in  bonds ;  $4,0001^000  by  the  South 
Parks;  $1,000,000  by  the  West  Parks,  and  $1,000,000  by  Lincoln 
Park.  These  three  divisions,  with  the  exception  of  a  few  small 
squares  controlled  by  the  city,  constitute  the  entire  park  system,  and 
these  bond  issues  are  a  tax  upon  the  several  sections  of  the  city  in 
which  the  park  systems  are  located.  On  account  of  legal  difficulties 
nothing  has  beim  done  by  the  West  Parks.  The  Lincoln  Park  Com- 
missioners have  sold  bon(ls  for  $1,000,000  for  an  extension  northward. 
This  area  will  be  d(»veloped  by  filling  in  the  lake  shore  rather  than 
by  the  condemnation  of  lands  adjacent.  It  is  in  the  South  Park 
system  that  the  greatest  activity  has  been  shown:  12  new  park  sites 
have  been  selected,  and  plans  have  been  drawn  for  their  improvement. 
They  vary  in  size  from  4.95  acres  to  322.68  acres,  the  total  area  being 
627.24  acres.  Grant  Park  comprises  40  acres  of  existing  park  west  of 
the  Hlinois  Central  Ry.  (now  known  as  T^ake  Front  Park),  and  161 
acres  of  made  land  east  of  the  railwav. 

The  total  area  of  the  South  Park  system  is  2,175  acres,  embracing 
1,858  acres  in  the  parks,  and  317  acres  in  the  boulevards,  which  are 
17.28  miles  in  length.  The  West  Park  system  contains  1,001  acres, 
614  acres  being  in  the  parks,  and  3H7  acres  in  the  boulevards,  which 
are  23.14  miles  long.  The  Lincoln  Park  system  has  425  acres,  includ- 
ing 318  acres  in  its  parks  and  107  acres  in  the  boulevards,  which  are 
9.22  miles  long. 


Total  area  of  citj;  acres 

Total  popniation  of  city 

A-vtrsige  popnlation  per  acre 

Total  area  of  parks;  acres 

Average  population  10  each  acre  of  park. 
Park  area  per  capita  of  population ;  sq.ft. 


G^^*u    I WagiDiTiiion 

sioutn    |(notindttdir 

Division. 'j^,^„jK 


66,088.32 

737,255. 

11.15 

1,974.8b 

373.31 

116.68 


22,800. 

822,701. 

36.08 

651.72 

1,262.35 

34.50 


North 
DiTision 


12,640. 

342,470. 

27.09 

536.35 

638.52 

71.14 


Jeiferaoa 


20,480. 

59325. 

2.92 

16.86 

3,439.02 

1X27 


CIti 


^taol* 


1ZMXS32 

1,962^51. 

16.08 

3,179.79 

617.10 

70.SB 


in  1903  the  assessed  valuation  of  the  South  Town  was  about 
$2»)4,()00,()()(),  the  rate  of  park  taxation  being  5  mills;  that  of  the  West 
Town  was  about  $90,000,000,  the  rate  of  park  taxation  being  8.47 
mills;  and  that  of  the  North  I'own  was  about  $55,000,000,  the  rate 
of  park  taxation  being  8.87  mills. 

Mr.  Bion  J.  Arnold,  in  his  report  on  the  traction  problem  of 
Chicago,  makes  some  estimates  of  th(»  probable  future  population  of 
the  city.  Starting  with  the  year  1902  at  2,000,000  and  the  rate  at 
7%,  the  population  in  1952*  would  be  about  13,250,000,  or  if  tlie 
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upon  which  to  place  the  limestone  or  granite  block  pavement.  The 
pavement  has  a  curved  surface  and  an  average  width  of  40  ft.,  and  the 
blocks  average  12  ins.  in  depth.  Immediately  adjacent  to  the  upper 
edge  of  this  pavement  is  placed  a  concrete  walk  12  ft.  wide,  and  next 
to  this  walk  is  placed  a  50-ft.  drive.  The  cost  is  about  $25  per  lineal 
foot,  not  including  the  sand  filling.  At  Lincoln  Park,  Wakefield  sheet- 
ing is  used  in  the  breakwater,  concrete  floor  in  place  of  stone  block 
pavement,  and  a  straight  line  section  instead  of  a  curved  one. 

The  proper  connection  of  the  South  Park  system  with  the 
Lincoln  Park  system  across  the  Chicago  river  in  the  vicinity  of  Michi- 
gan Ave.,  is  proposed  and  1  understand  that  the  plan  receiving 
favorable  consideration  at  this  time  comprehends  a  bascule  bridge 
across  the  Chicago  river,  connecting  a  broad  boulevard  approach  from 
the  south,  located  about  100  ft.  east  of  Michigan  Ave.,  and  extending 
north  to  Chicago  Ave.,  connecting  with  Pine  St. 

We  should  begin  to  plan  for  an  outer  park  system  and  prepare 
to  acquire  the  land  before  excessive  prices  are  reached.  The  sites 
which  have  been  suggested  are  the  valley  of  the  Des  Plaines  river 
from  Biverside  northward,  the  Skokie  marsh,  the  high  lands  near 
Willow  Springs,  and  the  Calumet  region.  Suggestions  have  also 
been  made  that  a  portion  of  the  Chicago  river  frontage  near  the 
center  of  the  city  be  beautified.  The  writer  wishes  to  particularly 
emphasize  the  desirability  of  improving  the  lake  front  and  using  it 
for  public  pleasure  grounds,  and  by  this  he  does  not  mean  simply  the 
limited  district  included  within  Grant  Park,  but  the  entire  frontage 
extending  from  Jackson  Park  to  Lincoln  Park,  and  east  of  the  railway 
tracks,  which  would  be  crossed  by  bridges: 
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THE  SHERIDAN  ROAD. 

BY  W.  8.  SHIELDS   (MEMBER). 

When  death  swings  wide  the  door  and  a  great  man  passes  through 
leaving  to  us  a  heritage  of  liigh  ideals,  works  accomplished  for  the 
bettennent  of  man,  and  enterprises  begun,  which  generations  yet  to 
come  may  complete  and  enjoy,  we  stop  and  consider  what  manner  of 
man  this  was  who  accomplished  so  much  and  did  it  so  quietly.  Such 
is  the  life  that  not  only  in  the  end,  but  all  the  wav  down  is  worth  the 
living.  Such  was  the  life  of  Volney  Foster,  who  forseeing  the  needs 
of  the  great  multitude  of  m(»n  and  women  shut  up  at  their  daily 
tasks  throughout  the  long  week,  stopped  to  plan  a  way  by  which  to 
make  it  possible  for  these  people  to  get  out  of  the  city  and  away  from 
their  cares  for  a  few  hours  and  enjoy  the  beauties  of  nature.  The 
result  of  this  thought  was  the  Sheridan  Road. 

In  1887,  this  man  saw  the  advantage  and  conveniences  of  a  great 
pleasure  drive  for  the  people  of  Chicago  and  from  this  thought  came 
the  plan  of  the  Sheridan  Drive,  which  is  ultimately  to  connect  the 
cities  of  Chicago  and  Milwaukee  and  perhaps  pass  on  to  the  north  and 
south  of  these  cities.  Some-men  called  his  project  a  dream,  but  having 
a  store  house  of  energy  and  ability,  while  holding  himself  personally 
responsible  for  the  success  of  the  ontorpriso,  he  brought  to  his  assist- 
ance men  of  wide  influence.  Thus  great  progress  was  made.  Streets 
already  improved  were  set  aside  for  this  purpose,  and  a  drive  100  ft. 
in  width  was  opened  up  and  improved  from  the  north  line  of  the 
then  limits  of  Chicago  to  Evanston.  In  1888,  when  seeking  legisla- 
tion from  the  State,  he  wrote  (lov.  Altgeld :  "I  am  deeply  interested 
in  this  project,  but  just  why  I  cannot  tell  nor  do  I  care  to  take  the 
time  to  find  out."  In  181H),  he  secured  from  he  late  Archbishop 
Feehan  a  lOO-ft.  strip  through  Calvary  Cemetery  and  in  the  first 
three  years  of  his  efforts  saw  the  road  opened  from  Chicago  to 
Evanston.  From  this  point  north  the  progress  was  not  so  rapid,  but 
interest  was  awakened  and  local  committees  set  at  work  in  Wilmette, 
Winnetka,  Highland  Park,  Lake  Forest  and  Lake  Bluff.  Before  his 
deatl\,  which  occurred  in  Chicago  on  Aug.  15,  1904,  Mr.  Foster  had 
the  satisfaction  of  seeing  the  Sheridan  Road  opened  as  a  pleasure 
drive  from  Lincoln  Park  to  I^ke  Bluff.  One  of  liis  latest  important 
achievements  was  the  securing  in  1J)00  from  the  Secretary  of  War, 
Mr.  Root,  an  order  which  not  only  opened  to  the  public  as  a  pleasure 
drive  the  completed  portion  of  the  principal  military  road  in  Port 
Sheridan,  but  scx^ured  the  (;pnipletion  of  the  road  through  the  unim- 
proved portion  of  the  reservation. 

Sheridan  Road  bears  the  name  of  Grcneral  Phil  Sheridan,  whose 
equestrian  statute  stands  in  Lincoln  Park  at  the  southern  terminus 
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RAILWAY  GRADE  CROSSINGS. 

BY  F.  G.  EWALD   (MEMBER). 

In  this  paper  it  is  proposed  to  present  some  statistics,  and  the 
laws  bearing  on  the  construction  and  protection  of  railway  grade 
crossings  in  Illinois.  To  give  a  better  understanding  of  the  character 
of  the  various  grade  crossings,  I  will  refer  to  them  as  Class  "A," 
where  the  track  of  steam  railways  cross  each  other;  Class  '^B,''  where 
the  tracks  of  electric  or  cable  railways  cross  the  tracks  of  steam 
railways;  and  Class  "C,"  where  the  tracks  of  electric  and  cable  rail- 
wavs  cross  eacli  other. 

In  Class  "A,''  there  are  526  grade  crossings,  liaving  1,338  crossing 
frogs.  Each  crossing  might  consist  of  two  railways  only,  or  it  might 
consist  of  several.  Of  this  number,  215  crossings  are  provided  with 
protective  devices,  and  operated  under  authority  of  the  Railroad  and 
Warehouse  Commission.  In  Class  "B,"  there  are  392  grade  crossings, 
having  1,367  crossing  frogs.  Of  this  number,  19  crossings  are  pro- 
vided with  protective  devices  as  follows:  Protective  devices  of  5  cross- 
ings are  included  in  the  number  given  for  Class  "A";  3  more  arc 
equipped  with  protective  devices  and  operated  under  authority  of  the 
commission;  11  more  are  equipped  with  protective  devices  but  are  not 
operated  under  authority  of  the  commission.  The  total  number  of 
authorized  interlocking  devices  at  grade  crossings  is  218.  For  Class 
'^C,"  I  am  unable  to  furnish  any  data  at  this  time. 

The  Act  creating  the  Railroad  and  Wareliouse  Commission  was 
passed  April  13,  1871.  To  the  duties  and  powers  prescribed  in  this 
Act,  there  was  added  another  section  (Act  of  June  16,  1887),  which 
requires  the  commision  to  investigate  the  cause  of  any  railway  accident 
resulting  in  the  loss  of  life  or  personal  injury,  which  in  their  judg- 
ment, shall  require  investigation.  This  commission,  as  will  develop 
later  on,  has  jurisdiction  governing  the  protection  of  trains  operating 
over  crossings  and  drawbridges.  Section  12  of  the  Act  of  March  31, 
1874,  as  amended,  and  Section  38  provide  as  follows: 

Section  12.  All  trains  running  on  any  railroad  in  this  State,  when 
approaching  a  crossing  with  another  railroad  upon  the  same  level,  or  when 
approaching  a  swing  or  draw  bridge,  in  use  as  such,  shall  be  brought  to  a 
full  stop  before  reaching  the  same,  and  within  800  ft.  therefrom,  and  the 
engineer  or  other  person  in  charge  of  the  engine  attached  to  the  train  shall 
positively  ascertain  that  the  way  is  clear  and  that  the  train  can  safely 
resume  its  course  before  proceedings  to  pass  the  bridge  or  crossing. 

Section  38.     This  act  shall  not  apply  to  horse  cars  or  street  railways. 

The  next  legislation  in  regard  to  railway  crossings  was  passed 
June  3,  1887,  and  provides  as  follows: 

Section  1.  When  and  in  case  two  or  more  railways  crossing  each  other 
at  a  common  grade,  or  any  railway  crossing  any  stream  or  harbor  by  swing 
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crossing  and  shall,  as  soon  as  practicable,  appoint  a  time  and  place  for  the 
hearing  of  such  petition. 

Section  2.  If  the  commission  shall  ♦  ♦  *  have  cause  to  believe  that 
any  such  grade  crossing,  as  described  in  Section  1,  is  dangerous  to  the 
public  or  to  persons  operating  trains,  and  requires  protection,  then  it  shall 
be  the  duty  of  said  commission,  without  any  petition,  and  of  its  own  motion, 
to  cite  the  several  companies  owning  or  operating  the  railway  tracks  forming 
such  crossing,  to  show  cause  why  they  should  not  be  required  to  provide 
such  crossing  with  interlocking  or  other  safety  appliances. 

Section  3.  At  the  time  and  place  named  for  hearing  under  Sections 
1  or  2,  unless  the  hearing  is  for  good  cause  continued,  said  commission  shall 
proceed  to  try  the  question  whether  or  not  the  crossing  shall  be  protected 
by  interlocking  or  otherwise,  and  shall  give  to  all  companies  and  parties 
interested  an  opportunity  to  be  fully  heard.  Said  commission  shall,  after 
such  hearing,  enter  an  order  denying  the  petition  or  discharging  the  citation 
if  the  protection  of  such  crossing  as  proposed  is  deemed  unnecessary.  If 
said  commission  shall  be  of  opinion,  from  the  evidence  and  facts  produced, 
that  the  public  good  requires  that  such  crossing  be  protected,  then  the 
commission  shall  enter  an  order  prescribing  an  interlocking  device  or  equip- 
ment for  such  crossing;  in  case  the  companies  interested  cannot  ag^ee  upon 
a  device,  in  which  order  shall  be  specified  the  kind  of  machine  to  be  used, 
the  switches,  signals  and  other  devices  or  appliances  to  be  put  in,  the  location 
thereof,  and  all  other  matters  which  may  be  deemed  proper  for  the  efficient 
protection  of  such  crossing,  and  said  commission  shall  further  designate, 
in  such  order,  the  proportion  of  the  cost  of  construction  of  such  plant,  and 
of  the  expense  of  maintaining  and  operating  the  same,  which  each  of  the 
companies  or  persons  concerned  shall  pay.  In  case,  however,  one  railway 
company  .shall  hereafter  seek  to  cross  at  grade  with  its  track  or  tracks,  the 
track  or  tracks  of  another  railway  company,  and  the  Railroad  and  Warehouse 
Commission  shall  determine  that  interlocking  or  other  safety  appliances 
shall  be  put  in,  the  railway  company  seeking  to  cross  at  grade  shall  be 
compelled  to  pay  all  costs  of  such  appliances,  together  with  the  expense 
of  putting  it  in  and  the  future  maintenance  thereof. 

Section  4.  It  shall  be  the  duty  of  every  railway  company  or  person 
owning  or  operating  any  track  involved  in  any  such  crossing  to  comply 
with  and  carry  out  fully,  or  unite  with  the  others  in  doing  so,  any  order  of 
said  commission  made  *  *  *  such  work  to  be  completed  within  90  days 
after  such  order  is  made  unless  the  commission  shall  for  good  cause  extend 
the  time.  When  any  such  plant  shall  have  been  completed  and  made  ready 
for  use,  it  shall  be  the  duty  of  the  companies  or  persons  concerned  to  noti^ 
the  commission,  whereupon  said  commission  shall  inspect  or  cause  to  be 
inspected  the  said  complete  plant  in  the  same  manner  as  is  now  provided 
in  the  act  upon  that  subject,  approved  June  8,  1887.  If,  upon  such  inspection, 
the  said  plant  is  deemed  to  be  well  constructed  and  suitable  and  sufficient 
for  the  purpose,  the  commission  shall  issue  a  permit  empowering  the  several 
companies  or  persons  owning  or  operating  the  tracks  involved  herein  to 
run  such  crossing  without  stopping,  under  such  rules  and  regulations  as 
may  be  in  force,  or  may  hereafter  be  adopted,  by  the  said  commission,  any 
law  in  force  upon  the  subject  of  stopping  trains  at  railway  crossings  to  the 
contrary   notwithstanding. 

Section  5.  Any  company,  person  or  corporation  refusing  or  neglecting 
to  comply  with  any  order  made  by  said  Railroad  and  Warehouse  Com- 
mission in  pursuance  of  this  act,  shall  forfeit  and  pay  a  penalty  of  $200 
for  each  week  of  such  refusal  or  neglect. 

Section  G.  All  expenses  incurred  in  any  proceeding  under  this  act 
shall  be  paid  by  the  railway  companies  concerned,  in  equal  portions  upon 
bills  to  be  rendered  by  the  Secretary  of  said  commission. 

Section  7.  Every  junction  of  two  or  more  railroad  tracks,  whether  the 
tracks  joining  each  other  are  owned  by  different  companies  or  by  the  same 
company,  shall  be  taken  and  deemed  to  be  a  crossing  within  the  meaning 
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whether  situated  in  or  outside  of  cities  on  private  or  public  ground,  and 
of  any  companies,  for  the  words  in  the  act  are  broad  enough  to  embrace  all 
these  matters.  The  intent  is  broad  enough  to  reach  any  dangerous  crossing 
and  the  mischief  to  be  remedied  can  only  be  remedied  by  thus  construing 
these  acts.  Such  being  the  case,  and  as  this  construction  does  not  strain 
the  words  of  the  statute,  but  on  the  contrary,  is  within  the  usual  meaning 
of  the  same,  the  power  of  the  commission  in  my  judgment,  is  well  settled. 

In  conclusion,  one  other  argument  in  favor  of  the  power  of  the  com- 
mission is  offered,  and  it  is  one  which  greatly  adds  to  the  position  above 
taken.  The  Act  of  1889  requires  the  commission,  after  the  hearing,  to  decide 
"with  due  regard  to  the  safety  of  life  and  property."  The  Act  of  1891 
requires  the  decision  to  be  such  a  decision  as  "the  public  good  requires." 
These  words  make  the  question  of  the  power  of  the  commission  over 
crossings,  a  question  involving  a  public  interest,  and  where  a  public  interest 
is  involved,  a  statute  is  liberally  construed  so  as  to  carry  out  the  best 
interests  of  the  public.  If  these  statutes  are  to  be  liberally  construed  then 
they  cover  all  crossings  of  all  roads  whenever  the  crossing  is  dangerous  to 
life  and  property.  If  a  public  interest  is  involved,  the  jurisdiction  of  the 
commission  is  presumed  unless  the  street  railroads  can  make  it  appear  that 
the  legislature  by  affirmative  words  exempted  them  from  the  operation  of 
the  statutes,  for  in  that  case  it  would  not  be  a  question  of  extending  the 
meaning  of  the  statute  by  implication,  but  by  limiting  it  by  implication,  and 
to  place  the  limitation  would  require  evidence  of  such  an  intent  of  the 
legislature.  This  principle  plainly  gives  the  Railroad  and  Warehouse  Com- 
mission authority  over  all  crossings  for  the  purpose  of  "protecting  life  and 
property  and  compelling"  the  protection  of  the  same. 

Thus  the  Railroad  and  Warehouse  Commission  is  invested  with 
authority  over  the  proteetion  of  all  railway  crossings,  and  is  invested 
with  authority  over  the  construction  of  all  grade  railway  crossings 
where  the  companies  involved  do  not  agree  as  to  the  place  and  manner 
of  crossing.  Railway  crossings  are  dangerous,  and  therefore  their 
number  should  be  diminished  rather  than  increased.  With  this  end 
in  view,  it  would  be  most  desirable  to  have  greater  power  conferred 
upon  the  commission  through  legislative  enactment. 
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bituminous  gas  producer  plants  have  been  installed,  which  seem  to 
give  fairly  satisfactory  results.  The  saving  in  fuel  resulting  from 
these  plants  is  very  great,  as  the  amount  of  coal  consumed  is  only 
about  1^4  lbs.  against  2  to  6  lbs.  on  the  average  combined  boiler  and 
engine  plants.  One  of  the  points  of  principal  importance  in  regard 
to  these  developments  is  that  high  efficiency  design  seems  not  to  be 
confined  to  large  powers,  but  economy  is  also  possible  even  in  units 
of  25  to  50  H.  P.  The  cost  of  installation  per  H.  P.  is  considerably 
greater  for  the  gas  producer  and  gas  engine  than  in  the  case  of  the 
steam  engine  and  boiler  plant,  but  the  saving  resulting  is  so  great 
that  if  it  can  be  conclusively  demonstrated  that  a  satisfactory 
bituminous  gas  producer  is  available,  a  radical  change  in  the  type 
of  future  power  installations  must  be  expected. 

The  year  past  has  also  witnessed  a  considerable  progress  in  the 
installation  of  interurban  electric  railways,  and  in  the  adoption  of 
electricity  as  a  motive  power  at  the  terminals  of  some  of  the  leading 
railway  systems.  It  is  now  generally  conceded  that  the  adoption  of 
electric  traction  for  terminals  in  large  cities  and  for  many  branch 
lines  is  inevitable. 

The  year  1904  has  beeu  a  year  of  important  engineering  meetings, 
among  which  the  most  noteworthy  have  been  the  International  Elec- 
trical Congress,  at  St.  Louis;  the  regular  annual  meeting  of  the 
National  Electric  Light  Association,  at  Boston;  and  the  Transmission 
Convention  of  the  American  Institute  of  Electrical  Engineers,  at 
Chicago.  The  meeting  of  the  American  Society  of  Mechanical  Engi- 
neers in  Chicago,  and  of  the  International  Engineering  Convention, 
at  St.  Louis  (in  which  the  Institution  of  Civil  Engineers,  of  Great 
Britain),  took  an  important  i)art,  art?  matters  wliich  were  of  more 
than  ordinarv  interest. 

Daniel  W.  Mead,  T.  W.  Snow,  H.  A.  Slocum. 
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by  the  courtesy  of  the  Cement  Department  of  the  Illinois  Steel  Co., 
took  the  party  to  BufTington,  Ind.  Here  the  company  has  recently 
established  a  large  cement  plant,  having  a  daily  capacity  of  4,500 
barrels  of  "Universal"  Portland  cement.  This  is  the  third  plant 
operated  by  the  Illinois  Steel  Co.  It  is  one  of  the  three  largest  Port- 
land cement  plants  in  the  world,  having  sixteen  80-ft.  kilns.  The 
plant  is  driven  entirely  by  electric  motors,  aggregating  about  4,000 
H.  P.,  current  being  transmitted  at  20,000  volts  from  the  South 
Chicago  works  of  the  Illinois  Steel  Co.,  where  w^aste  blast-fumace 
gases  are  used  for  fuel.  The  mill  buildings  are  of  steel  and  concrete, 
but  one  of  the  features  of  the  plant  is  an  office  and  laboratory  building 
constructed  of  stone  made  of  "Universal'  Portland  cement,  showing 
the  possibilities  of  cement  stone.  The  plant  started  in  operation  in 
December,  1904,  and  is  considered  a  model  modern  cement  plant. 

Excursion  to  the  Ciiicago  Tunnels.  On  the  evening  of  Jan. 
18,  the  party  visited  tlie  tunnel  system  of  the  Illinois  Telephone  Con- 
struction Co.,  trains  being  provided  by  courtesy  of  Mr.  Greorge  W. 
Jackson,  Chief  Engineer  and  General  Manager.  These  tunnels  were 
commenced  in  the  latter  i)art  of  the  year  1901  by  the  Illinois  Telephone 
Construction  Company  to  carry  telephone  cables  for  the  automatic 
telephone  system.  It  was  originally  intended  to  lay  the  cables  in 
conduits  under  the  streets,  but  there  were  already  telephone,  telegraph, 
and  all  other  kinds  of  conduits,  sewers,  gas  mains,  water  mains,  form- 
ing such  a  network  in  all  the  downtown  district,  that  there  was  no 
room  for  another  system  of  conduits.  The  engineer  adopted  the  idea 
of  avoiding  everything  of  that  kind  by  building  a  tunnel  system  26  ft. 
below  the  streets.  At  that  time  there  was  no  idea  of  using  the  tunnels 
for  transportation.  There  are  about  30  miles  of  tunnel  6x7^^  ft. 
(horseshoe  shape),  and  one  mile  of  tunnel  12x14  ft.  They  run  north, 
south,  east  and  west  and  are  built  under  all  the  streets  in  the  downtowTi 
district.  The  tunnels  were  excavated  mainlv  throudi  solid  clav,  but 
the  pneumatic  process  was  used  on  account  of  occasional  pockets  of 
quicksand,  etc.  Steel  centers  wore  used  for  the  concrete  lining.  It 
has  now  been  decided  to  use  these  tunnels  for  the  transportation  of 
mail,  newspapers,  parcels,  freight,  coal,  merchandise,  etc.,  and  for 
excavated  material  and  building  material.  Branches  will  be  run  to  the 
post  offices,  newspaper  offices,  warehouses,  retail  and  wholesale  stores, 
railway  stations,  etc.  Extensions  will  also  be  run  to  the  large  railway 
yards  and  there  will  be  a  terminal  and  warehouse  plant  at  Taylor  and 
Beach  Sts.  on  the  west  bank  of  the  Chicago  river.  Here  the  freight 
will  be  sorted  and  distributed  to  the  several  railwavs.  This  will  take 
many  wagons  and  teams  off  the  streets  and  relieve  the  congestion  of 
traffic.  Some  of  the  great  railways  entering  Chicago  have  organized  a 
company  to  operate  this  transportation  system.  The  tracks  are  24  ins. 
gage,  operated  by  electric  locomotives  partly  on  a  trolley  system  and 
partly  on  a  third-rail  system,  with  a  protected  conductor  rail  between 
the  track  rails.  This  third  rail  is  a  track,  and  a  cog  wheel  on.  the 
^gine  engages  with  it  to  ti>ke  up  the  electricity. 
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Sec.  5.  Any  three  members  may  present  to  the  Executive  Board 
charges  in  writing  affecting  the  moral  or  professional  character  of  any 
member,  whereupon  the  said  Board  shall  notify  the  member  of  such  charges, 
and  shall  appoint  a  time  and  place  at  which  the  accusers  and  the  accused 
may  be  heard.  On  an  affirmative  vote  of  at  least  four  members  of  the 
Board,  the  charges  shall  be  presented  to  the  Society,  as  soon  as  it  shall  be 
in  session,  all  parties  being  duly  notified  and  having  opportunity  to  be 
heard.  On  an  affirmative  vote  of  three-fourths  or  more  of  the  members 
present,  said  affirmative  vote  being  not  less  than  eighteen  in  number,  said 
member  shall  be  expelled,  and  his  name  shall  be  struck  from  the  roll;  but 
no  public  notice  of  such  proceedings  shall  be  given. 

Sec.  6.  The  annual  assessment  shall  be  due  and  payable  in  advance, 
and  no  publications  of  the  Society  shall  be  forwarded  to  any  member  till 
such  annual  dues  be  paid.  .Any  member  who  shall  refuse  or  neglect  for  one 
year  after  the  annual  meeting  to  pay  any  dues  or  assessment  due  from 
him,  shall  cease  to  be  a  member,  and  his  name  shall  be  struck  from  the  roll. 
He  may  be  reinstated  on  pa3rment  of  the  sum  so  due  and  of  all  further  sums 
which  would  have  been  due  from  him  had  he  remained  a  member  up  to  the 
time  of  such  reinstatement. 

Article  IV. — Officers. 

Sec.  1.  The  officers  of  this  Society  shall  be  a  President,  a  Vice-Presi- 
dent, an  Executive  Secretary-Treasurer  and  a  Board  of  Trustees.  The  above 
named  officers  shall  constitute  the  Executive  Board,  of  which  the  President 
shall  be  ex-officio  Chairman,  and  the  Executive  Secretary  ex-officio  Secretary. 
Two  Trustees  shall  be  elected  annually  and  hold  office  for  two  years. 

Sec.  2.  All  officers  except  the  Executive  Secretary-Treasurer  shall  be 
elected  annually  by  ballot  by  the  members,  on  the  second  day  of  the  annual 
meeting,  ,and  shall  hold  office  until  their  successors  are  elected  and  qualified. 
The  Executive  Secretary-Treasurer  shall  be  elected  annually  by  the  Executive 
Board. 

Sec.  3.  The  President,  Vice-President,  Executive  Secretary-Treasurer, 
shall  perform  the  duties  usually  pertaining  to  their  several  offices.  The 
Executive  Secretary-Treasurer  shall  be  the  custodian  of  all  property  of  the 
Society,  and  shall  deliver  all  such  property  to  his  successor,  and  shall  make 
an  annual  report.  He  shall  record  the  proceedings  and  discussions  of  the 
meetings,  and  shall  prepare  a  copy  of  them  for  publication. 

As  Treasurer,  he  shall  give  bond  with  two  approved  sureties  to  such 
amount  as  may  be  required  from  time  to  time  by  the  Executive  Board,  and 
his  bond,  when  approved  by  said  Board,  shall  be  copied  on  the  Journal  of 
the  Society,  and  be  deposited  with  the  President.  He  shall  pay  only  such 
orders  as  have  been  signed  by  the  President,  Executive  Secretary,  and  shall 
make  an  annual  report  of  all  receipts  and  expenditures,  and  shall  deliver 
all  the  Society's  books  and  money  in  his  possession  to  his  successor.  The 
Executive  Secretary,  in  addition  to  the  duties  usually  pertaining  to  his  office, 
shall  be  ex-officio  Librarian  of  the  Society,  and  as  such  shall  collect  and 
preserve  all  books,  pamphlets,  papers  and  documents  belonging  to  the 
Society.  The  library  of  the  Society  shall  be  kept  in  some  place  central  and 
convenient  to  access  by  railroad.  He  shall  deliver  all  the  property  of  the 
Society  in  his  possession  to  his  successor. 

Sec.  4.  The  Executive  Board  shall  audit  the  accounts  of  the  Treasurer, 
and  determine  the  assessment  per  member  for  the  following  year,  immdiately 
before  each  annual  meeting,  and  make  annually  a  report  to  the  Society.  They 
shall  arrange  the  program  of  exercises  for  each  annual  meeting,  and  shall 
have  a  general  care  over  the  affairs  of  the  Society,  and  shall  act  for  the 
Society  in  all  general  matters  between  the  annual  meetings.  No  moneys 
shall  be  expended  without  a  vote  of  the  Executive  Board. 

Sec.  5.  There  shall  be  appointed  at  each  annual  meeting  the  following 
standing  committees  of  three  members  each:     (a)  Committee  on  Surveying; 
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DIRECTORY  OF  ENGINEERS  AND  SURVEYORS  OF  ILLINOIS. 

(Those  marked  with  a  star  [*]  are  members  of  the  Illinois  Society  of 
Engineers  and  Surveyors.) 

Note. — In  Order  that  this  List  may  be  Kept  Complete  and  Accurate, 
Members  and  Others  are  Requested  to  Examine  it,  and  to  Send  Notice  of 
any  Additions  or  Corrections  to  the  Secretary. 


ABINGDON— J.  W.  Sussex. 
ALBION— Joel   Brown. 
ALHAMBRA— *F.  Oswald. 
ALTO  PASS— C.  C  Freeman. 
ALTON — Geo.  Dickson. 

T.  M.  Long. 

E.  E.  Rutledge.  , 

H.  C  Swift. 

E.  B.  Stakemiller,  Eng.  M.  of  W., 
111.  Term.  Ry. 

E.  C  Welch,  Eng.  M.  of  W.,  C, 
P.  &  St.  L  Ry. 

AMBOY— ♦C  C.  Jacobs. 
ANCHOR— C.    B.    Stewart,    U.    S. 

Asst.  Eng. 
A  FLANTA- Thos.    Shore. 
AURORA— ♦H.  D.  Hallett. 
Robert   Horr. 

F.  J.   Allen,   Eng.   M.   of  W.,   C, 
B.  &  Q.  Ry. 

H.  B.  Burgess,  Supt.  Bges.,  C,  B. 

&  Q.  Ry. 
*G.  C.  Habenncyer. 
A.  F.  McClatchey,  M.  E. 
R.  Nichols,  C.  &  Min.  Eng. 
M.  G.  Stolp. 

Myron  Tarble,  City  Eng. 
*I.   VV.   Troxel. 
*F.  W.  Von  Oven. 
H.  O.  Westmark,  M.  E. 
M.  H.  Wickhorst,  Eng.  Tests,  C, 

B.  &  Q.  Ry 
Geo.  Wilder. 
BATAVIA— E.    K.    Meredith. 

*T    W    Snow 
BEARDSTOWN— C.    V.     Brainard, 

U.  S.  Asst,  Eng. 
C.   H.   Sexton. 
K.   S.   Slocumb. 
BELLEVILLE — Louis    Graner,    City 

Eng. 

G.  F.  Hilgard. 
W.  A.  Reiss. 
A.   Rosanko. 

E.  S.  Slocumb,  A.  Eng.,  I.  C.  Ry. 
BELLMONT— Chas.  Buchanan. 


BELVIDERE— *W.  A.  Marean. 

M    J    Yaw 
BEMENT— *W.  J.  Day. 
BENTON— Philip  Lager,  Co.   Surv. 
BIGGSVILLE— H.  W.  Stewart,  Co. 

Surv. 
BLOOMINGTON— ♦A.  H.  Bell. 

A.   Brown,  Cons.  Eng. 

J.   H.   Burnham. 

W.    P.    Butler. 

W.    B.    Causey,   Eng.    M.    of    W., 
C.   &  A.   Ry. 

Wm.  Daves,  Sig.  Eng.,  C.  &  A.  Ry. 

Elmer  Folsom,  Cy.  Eng. 

C   E.   Fuller,  Supt.   M.   P.,  C.   & 
A.  Ry. 

R.  B.  Gray 

*K.  W.  Ives. 

J.  H.  Leyonmarck,  M.  Eng.,  C.  & 
A.    Rv. 

*J.  G.  Melluish. 

Ira  Merchant. 
BLUE  ISLAND— J.  Link. 

P.  R.  Fletcher. 
RRAIDWOOD— H.  E.  Boehn. 
CAIRO— H.  H.  Hadsall,  A.  Eng.,  L 
C.  R.  R. 

J.  L.  Lancaster,  Res.  Eng.,  M.  & 
O.  Ry. 

Wm.  Thrupp. 
CANTON— Harry  Bond. 

*G.    W.   Chandler. 
CARBONDALE— C.     F.     Sherman, 

A.  Eng.,  I.  C.  R.  R. 
CARLINVILLE— Thomas   Bacon. 

F.  A.  Chapman. 
CARLYLE— Alex.   Johnson. 
CARMI— M.  W.  Spencer. 
CARTERVILLE— A.  J.  Reef. 
CARTHAGE— Geo.  W.  Page. 
CENTRALIA— J.   C.   Sesser,  C,   B. 

&  Q.  Rv. 
CHAMPAIGN— F.       C      Amsbary, 
Manager  Water  Co. 

*I.  O.  Baker,  Prof.  C  E.,  U.  of  111. 

*0.  L.  Gearhart,  City  Engineer. 
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*C.  W.  Malcolm,  Iristr.,  U.  of  111. 
*Jos.  O'Brien,  Co.  Surv. 
*L.  G.  Parker,  Instruc,  U.  of  111. 
J.  D.  Wallace,  Cons.  Mech.  Eng. 
CHANDLERVILLE— H.  S.  Leeper, 
CHARLESTON,  Z.  Green. 

W.  E.   Millar. 
CHATSWORTH— D.  J.  Sanford. 
CHESTER— J.  T.  Douglas. 
CHICAGO— (See  Separate  List). 
CHILLICOTHE— G.   R  Rees,  Asst. 

Eng.,  A.  T.  &  S.  F.  Ry. 
CLINTON— David   Richardson. 
COLONA— J.   B.   Bassett,  Jr.   U.   S. 

Eng. 
COLLINSVILLE— R.  L.  Kneedler. 
CRETE— A.  S.  Rosing. 
CRYSTAL  LAKE— J.  H.  Brink. 
DAKOTA— W.    H.    Butterfield. 
DANVILLE— Alex.   Bowman. 
E.   S.  Boiidinot,  Co.  Surv. 
Charles  Cottingham,  Cons.  Eng. 
*H.  M.  Ely. 
A.    S.    Markley,   Div.    Eng.,   C.    & 

E.  I.  Ry. 
W.   H.   Martin. 
R.    Y.    Maxon. 
*D.   H.   Sawyer. 
*G.   B.   Sidelinger. 
DECATUR— Sullivan   Burgess. 
*A.  B.  Alexander. 
G.    .'\.    Caldwell,   Supt.,   Dec.    Bgc. 

Co. 
H.  J.  Eoale,  Sig.  Eng.,  Wabash  Ry. 
W.   W.  Greenland,  A.   Eng.,  Wa- 
bash Ry. 
Geo.  V.  Loring.  C.  E  &  Sur. 
J.    II.    Powers,    Chf.    Drfts.,    Dec. 

Bgo.  Co. 
E.  Shelah,  Eng.  M.  of  Way,  Wa- 
bash Ry. 
J.  M.  Slater,  A.  Eng.,  Wabash  Ry. 
*W.    M.    Wood.    Chf.    Eng.,    Dec. 
Bgc.  Co. 
DIXON- C.  V.  Kerch. 
L.  B.   Neighbor. 
C  E.  Xcsbit. 
*A.  M.  Shaw. 
T.  J.  Klossowski. 
T.  J.  Wright,  A.  Eng.,  D.  R.  F.  & 
S.  W.  El.  Ry. 
DWIGHT— R.'     P.  '  Morgan,     Cons. 

Eng. 
EAST  ALTON— F.  W.  Olin. 
EAST  ST.  LOUIS— C.  L.  Baker. 
W.  II.  Bennett.  Chief  Eng.,  St.  L. 

&   B.   El.   Ry. 
J.  F.  Bower. 

H.  W.  Cox,  Chief  Eng.,  Wiggins 
Ferry  Co. 


W.   J.    Crocker,  Asst.   City   Eng., 

Co.  Surv. 
C.  J.  Ela,  City  Water  Co. 
E.  F.  Harper  (Harper  Bros.). 
L.  L.  Harper  (Harper  Bros.). 

E.  G.  Helm,  Civ.  &  Con.  Eng. 

F.  Hutchinson     (Hutchinson     & 
Jacob). 

T.     N.     Jacob      (Hutchinson     & 
Jacob). 

H.  F.  Juengst,  City  Water  Co. 

*J.  F.  Parr. 

W.  A.  Thompson,  Prin.  Asst.  Cy. 
Eng. 
EDWARDSVILLE— J.   Sheppard. 

L.  P.  Yale,  Winston  &  Co. 
EFFIN<}HAM— J.  B.  Jones. 

A.  S.  Moffit. 
ELGIN— *W.  W.  Abell. 

Hy.  Dakin. 

W.  A.  Gabriel. 

A.  L.  Gifford. 

A.  M.   Price,  Con.  M.  E. 
ETHERLY— E.  W.   Harms,  M.  M., 

Gales.  &  Gt.  E.  Ry. 
EVANSTON— Robert  Long. 

*A.  E.  Barber. 

U.  S.  Grant,  Prof.  N.  W.  Univ. 
^John   H.   Moore,  City   Eng. 

C.  J.  Morse. 
FAIRFIELD— Adam  Crouch. 
FALL  CREEK— C.   H.  Rankin. 
FRANKFORT— C.    W.    Stilley,    Co. 

FREEPOR  r-T.  R.  Cummins,  I.  C. 

Ry. 

L.   F.   Hayes.  Min.  Eng. 

*G.  W.   Graham. 

F.  E.  Josel. 

O.   T.   Smith. 
GALENA— J.  B.  Ginn. 

W.  H.  Landers,  Min.  E. 

J.   S.   Scott. 
GALESBURG— F.  J.  Allen. 

*F.  M.  Connolly,  City  Eng. 

S.  W.  Curtis,  Chief  Eng.,  G.  R.  I. 
&  Mon.  El.  Ry. 

*John  B.  McAuley. 

J.  E  Murphy,  E.  M.  of  W.,  C,  B. 
&  Q.  Ry. 

A.  L.  Ritchey. 

C.  S.  Ritchey,  Co.   Suprv. 

J.    C.    Sheanan,   Supt.   Const.,   C, 
B.  &  Q.  Ry. 
GALVA— *L.  Z.  Jones. 
GENESEO— M.    G.    Barnes,    U.    S. 
Asst.  Eng. 

*C.  C.  Martin,  Co.  Surv. 

Kirk  Martin. 

C.  M.  Waters,  Jr.  U.  S.  Eng. 
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GENEVA— H.  B.  Alexander. 

W.  H.  Pease. 
GILLESPIE— F    R    Stanley,    Chief 
Eng.,  Mac.  Co. .  Ry. 
J.  A.  Giles. 

M.  E.  Thomas,  A.  Eng.,  C.  &  N. 
W.  Ry. 
GLEN  CARBON— S.  M.  Greenidge, 

Chf.  Eng.,  Madison  Coal  Co. 
GOLCONDA— W.  T.  McCormick. 
C.  H.  Rauchfuss. 

GREENFIELD T.  G.  Clapp,  Co. 

Surv. 
GREENVIEW— James  Bracken. 
GREENVILLE— R.  K.  Dewey. 
HARRISBURG— A.      R.      Longley, 
Chf.  Eng.,  H.  &  So.  Ry. 
W.  A.  McHenry. 
HARVEY— G.    R.    Brandon,   M.    E., 
Whiting  Foundry  Equip.  Co. 
T.  D.  Hobson. 
HAVANA— J.  R.  Faulkner. 
HINSDALE— G.   W.   Wilson. 
HITT— L.  S.  Thorp. 
HOMER— C.  B.  James,  Chief  Eng., 

Ch.  &  H.  El.  Ry. 
HOOPESTON  —  M.       C       Parker, 

Winston  Bros.  Co. 
HUDSON— G.   W.  Gastman. 
JACKSONVILLE— B.  F.  Bond,  C, 
B.   &   Q.   Ry. 
C.  W.  Brown. 
E.   H.  Crampton. 
L.  S.  Olmsted,  C  E. 
J.  L.  Smetters. 

M.  D.  Stewart,  Supt.  M.  P.,  C.  P. 
&  St.  L.   Ry. 
JERSEYVILLE— Walter    Hansell. 
A.  W.  Newton. 
Edw.  B.   Shafer,  Cy.  Eng. 
JOLIET— F.  C.  H.  Arentz.  Chf.  Eng., 
Jol.  Bge.  &  Iron  Co. 
G.  W.  Brown. 
R.  B.  Campbell. 
A.  Comstock,  C.  E. 
L.  D.  Fisher,  M.  E. 
Geo.    Jennings,    Asst.    Chf.    Eng. 

E.  J.  &  E.  Ry. 
G.  F   Powers,  Supt.  Bges.,  C.  L 

S.  &  E.  Ry. 
W.   M.  McCartney,  A.  Eng.,  San 

Dist. 
A.  Montzheimer,  Chf.  Eng.,  E.  J 
&  E.  Ry.  and  C.  L.  S.  &  E.  Ry 
*R.  E.  Orr,  C.  E.  and  Surv. 
*J.  H.   Sabin,  E.  J.  &  E.  Ry. 
*H.  A.  Stevens. 
A.  H.  Westfall.  E  .J.  &  E.  Ry. 
KANKAKEE— *R.    D.    Gregg,    Cy 
Eng. 


W.  R.  Sanborn,  I.  I.  &  I.  Ry. 
G.  P.  Smith,  E.  M.  of  W.,  I.  I.  & 

I.  Ry. 
W.  H.  Woodruff. 
KEWANEE— J.  C.  Banister. 

E.  S.  Galusha,  City  Eng. 
*J.   E.  Kemp. 

KILBOURNE— J.  E.  Barnes. 
KIRKWOOD— M.  F.  Davidson. 
LACON— *G.  F.  Wightman. 
LA  GRANGE— W.  B.  Ewing. 
LA  HARPE— S.  A.  Stem. 
LA  SALLE — ^J.  A.  Ede,  Cons.  Min. 
Eng. 
J.  W.  Hegeler,  Min.  Eng. 

F.  W.  Matthiesson. 
A.  H.   Neureuther. 

*C.  H.  Nicolet,  M.  &  H.  Zinc  Co. 

E.  J.  Noonan. 

C.  N.  Rickard,  City  Eng. 
LAKE  CREEK— J.  S.PerrineXo.Sr. 
LAKE  FOREST— Jas.  Anderson  Jr. 

Thomas  Byrne. 
LAWRENCEVILLE— H.    G.    Buch- 
anan. 
LEAF   RIVER— J.   B.   Bertolet. 
LINCOLN— D.  L.  Braucher,  Co.  Sur. 

T.   S.   Davy. 

*L.  J.   Sims. 

John  Zeter. 
LITCHFIELD— Wm.    Bates. 

A.  G.  Kleinbeck. 
LOW  POINT— *G.  M.  Clark. 
McNABB— ♦John  McNabb. 
MACOMB— *C.  Holmes. 

C.  G.  Holmes,  Surv. 

J.  F.  Shannon,  Surv. 
MADISON— R.   E.   Griswold.   Supt, 

Barber  As.   Pa  v.  Co. 
MANSFIELD— R.   S.   Carberry. 
MANTENO— *J.  F  Schmeltzer. 
MARSEILLES— *A.   F.   Nichol. 

Eben  J.  Ward. 
MARION— B.   S.  Craine,  Chf.   Eng., 
Coal  Belt  Ry. 

W.   P.  Hoppin. 

Lewis  Pulley. 
MARTINSVILLE— C.    S.    Hawkins, 
Co.  Surv. 

John   F.  Lafferty,  Surv. 
MATTOON— W.    M.    Doane,    Supt. 
Cons.,  C.  C.  C  &  St.  L.  Ry. 

H.     W.     Clark,     Supt.,     Mattoon 
Water  Co. 

Claud  L.  James,  Drain.   Eng. 

A.  C.  Loomis. 

W.  E.   Miller. 

L.  S.  Rose,  Eng.  M.  W.,  C.  C.  C. 
&  St.  L.  Ry. 

L.  S.  Stubbins,  Surv. 
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RUSHVILLE— Howard    F.    Dyson, 
City  Eng. 
Jeremiah  Stumm,  Co.   Surv. 
ST.  DAVID— *J.  C.  Quade. 
SALEM— L.  S.  Meredith. 
SAVANNA— James  Hunt. 
SHABBONA  GROVE— *  J.  R  Shep- 

ardson. 
SHEFFIELD— H.  E.  Reeves,  Jr.  U. 

S.  Eng. 
SHELBYVILLE— C.      E.      Chester, 
Co.  Surv.  &  Man.  of  W.  W. 
L.  E.  Fish,  Eng.  and  Surv. 
C.   S.   Woodward. 
SIDELL— *W   H.   Herron. 
SPARTA— L.  R.  Moran,  Eng.  M.  of 

W..  111.  So.  Ry. 
SPRINGFIELD— *L.    P.    Atwood. 
J.   B.   Barnes,  Supt.   M.   P.,  Wab. 

Ry. 
*S.   A.   Bullard. 
Nicholas  DuBois. 
*Allen  Enos. 
*Z.  A.  Enos. 
*F.  G.  Ewald. 
F.   H.   Hamilton. 
A.  Hay,  Eng.  of  Park  Dist. 

E.  M.  Merryweather,  E.  M.  of  W.. 
Wabash  Ry. 

*D.  H.   Sawyer. 

*W.   H.  Tarrant. 
SPRING  VALLEY— *Leo.  Gluck. 

M.  S.  Peltier. 
STERLING— M.    J.    Barnes,    U.    S. 
Asst.  Eng. 

*F.  W.  Honens.  Jr.  U.  S.  Eng. 

A.  O.  Rovvsc,  Jr.  U.  S.  Eng. 

L.  L.  Wheeler,  U.  S.  Asst.  Eng. 
STEWARD— E.     H.    Barrett,    Supt 
Const,  C,  M.  &  St.   P.  Ry. 

B.  L.  Henning,  Eng.  Inlet  Swamp 
Dr.  Dist. 

STILLMAN  VALLEY— A.  Johnson. 
STREATOR— W.    B.   Benson. 
*D.  E.  Huggans. 

F.  T.  Rolph,  C  E. 
SYCAMORE— S.  T.  Armsrong,  Co. 

Surv. 
*W.   M.   Hay. 
A.  B.  Russell,  Cy.  Eng. 


TAYLORVILLE— *J.  W.  Dappcrt 

J.  S.  Michels. 
THEBES— Martin  Brown. 
TOLUCA— M.  Fox,  Min.  Eng. 

W.  J.   Hoscheidt,  Chief   Eng.   T. 
M.  &  N.  Ry. 
TREMONT— Josiah   M.   Sawyer. 
TUSCOLA— H.  C.  Niles. 
URBANA— L.       P.       Breckenridgc 
Prof.  M.  E.,  U.  of  111. 

Morgan  Brooks,  Prof.  El.  E.,  U. 
of  111. 

*F.  G.  Frink. 

G.  A.  Goodenough,  U.  of  111. 

*N.  C  Ricker,  Dean  of  Eng.,  U. 
of  111. 

D.  T.  Randall  U.  of  111. 

J.  W.  Royer,  U.  of  111. 

*R.  H.  Slocum,  U.  of  111. 

*A.  N.  Talbot,  U.  of  111. 

*L.  A.  Waterbury,  U.  of  111. 
VANDALIA— ♦P.  E.  Fletcher. 

James  H.  Johnson. 
VILLA      GROVE— R.      McCalman, 

Div.  Eng.,  C.  &  E.  I.  Rv. 
VIOLA— Wm.    McLaughlin. 
WARRENVILLE— Geo.    Galusha. 
WAUKEGAN— H.  L.  Bowen. 

*M.  R.  Miller. 

*C.  P.  Westerfield. 
WESTERN   SPRINGS— Edgar  Wil- 
liams. 
WEST  McHENRY— Geo.  Gage. 
WH EATON— *G.   I.   Herrick. 

C.  Jones,  Chief  Eng.,  A.  E.  &  C. 
El.   Ry. 

*C.  A.   Prout. 

*E.  E.  R.  Tratman. 

J.   S.  Vallettc. 

*A.  L.  Webster. 
WTNNETKA— C    W.    Coman. 

L.    M.  Johnson. 

*F.   A.   Windes. 
WYANET— Jos.   Wright,   Jr.    U.    S. 
Eng. 

J.  C.  Long,  U.  S.  Asst.  Eng. 
WOODSTOCK— R.  O.  Smith. 
ZIEGLER— C.    C.    Whittier.    Ziegler 

Coal  Co. 
ZION  CITY— W.  J.  Atkinson,  Chief 
Eng.,  Z.  Cy.  Land  Co. 


CHICAGO  ENGINEERS  AND  SURVEYORS. 

F.  E.  Abbott Insp.  Eng.,  Illinois  Steel  Co. 

H.  R.  .Abbott Sanitary  District 

W.  L.  Abbott Chief  Eng.,  Chicago  Edison  Co. 

Geo.  T.  Adams C.  E.  and  Surveyor,  7120  Princeton  Ave 

A.  H.  Aldinger Supt.  of  Cons.,  Wells  Bros.,  Monadnock  Block 
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H.  C  Bonner C.  E.,  119  La  Salic  Sl 

F.  Borg Vierling,  McDowell  &  Co. 

H.  S.  Bowen Mechanical  Engineer,  Rookery  Bldg. 

C.  W.  Boynton Chief  Insp.,  Cement  Dept,  IlL  Steel  Co. 

James  Brady 225  Dearborn  St 

J.  T.  Bransfield Cont.  Eng.,  3588  Archer  Ave. 

Louis  Braubach 13  N.  Jefferson  St 

W.  L.  Breckinridge Chief  Eng.,  (Lines  E.  of  Mo.  River),  C,  B.  &  Q.  Ry. 

♦H.  H.  Bremer Surveyor,  112  Clark  St 

G.  H.  Bremner Eng.  M.  of  Way,  C,  B.  &  Q.  Ry. 

Geo.  S.  Brigham Civil  Engineer,  143  Dearborn  St 

G.  M.  Brill Cons.  Mech.  Eng.,  Marquette  Bldg. 

W.  I.  Brock Mechanical  Engineer,  79  Dearborn  St 

E.  DuB.  Brown 1632  Irving  Park  Blvd. 

M.  L.  Brown Electrical  Engineer,  1094  W.  Madison  St 

John  Brunner Asst  Gen.  Supt,  North  Works,  Illinois  Steel  Co. 

Loren  Bugbee Mechanical  Engineer,  520  Monadnock  Block 

F.  O.  Bunnell Eng.  of  Tests,  C,  R.  I.  &  P.  Ry. 

*C.  B.  Burdick Cons.  Civ.  Eng.,  1207  Hartford  Bldg. 

R.  O'S.  Burke Harbor  Engineer,  City  Hall 

C.  E.  Burnap Mechanical  Engineer,  1164  Monadnock  Blodc 

C.  S.  Burt Cramer  &  Burt,  Mining  Machinery 

Joseph  E.  Buker Asst.  Supt  Machy.,  Illinois  Central  Ry. 

T.  Buskirk Civil  Engineer,  154  Lake  St 

H.  M.  Byllesby Electrical  Engineer,  N.  Y.  Life  Bldg. 

♦T.     S.  Byrne 308  Janssen  Ave, 

A.  J.  Caldwell Mechanical  Engineer,  Crane  Co. 

S.  W.  Calhoun C  E.,  131  La  Salle  St 

T.  E.  Calvert Chief  Eng.,  C,  B.  &  Q.  Ry. 

Henry  Campbell C.  E.,  240  La  Salle  St 

♦H.  L.  Canman Civil  Eng.  and  Surveyor,  Room  408,  112  Clark  St 

C.  J.  Carlson Telephone  Engineer,  203  Washington  St. 

G.  H.  Carlson Surveyor,  1 15  Dearborn  St 

W.  G.  Carlton Asst.  Eng.,  Chicago  Edison  Co.,  139  Adams  St. 

C.  W.  Carman Mechanical  Engineer,  Railway  Exchange  Bldg. 

Wm.  Carroll Electrical  Engineer,  City  Hall 

C.  H.  Cartlidge Bge.  Eng.,  C,  B.  &  Q.  Ry. 

B.  B.  Carter Cons.  Mech.  Eng.,  Monadnock  Block 

E.  C.  Carter Chief  Engineer,  C.  &  N.  W.  Ry. 

H.  W.  Carter Patent  Expert,  Monadnock  Block 

P.  M.  Chamberlain Professor  of  Mech.  Engineering,  Lewis  Institute 

O.  Chanute Cons.  Eng.,  413  E.  Huron  St 

C.  A.  Chapman Cons.  Mech.  Eng.,  Marquette  Bldg. 

H.  J.  Chilton Cons.  Mech.  Eng.,  1563  Monadnodc  Block 

G.  B.  Christie (Christie  &  Lowe)  171  La  Salle  St 

Durand  Churchill Cons.  Mech.  Eng.,  464  Carroll  Ave. 

F.  H.  Clark Supt  M.  Power,  C,  B.  &  Q.  Ry. 

G.  L.  Clausen C.  E.  and  Surveyor,  164  La  Salle  St. 

H.  P.  Clausen Telephone  Eng..  Am.  Elec.  Telephone  Co. 

T.  W.  Clayton Asst.  Eng.,  C.  &  A.  Ry. 

F.  R.  Coates Cont.  Eng.,  818  Grand  Central  Station 

H.  E.  Cobb Prof,  of  Math,  and  Surveying,  Lewis  Institute 

Geo.  Cole Asst.  Eng.,  Illinois  Central  Ry. 

J.  A.  Cole C.  and  Cons.  Eng.,  271  E.  53rd  St 

J.  P.  Coleman Asst.  Eng.,  Illinois  Central  Ry. 

Emmons  Collins Mechanical  Engineer,  18  W.  Randolph  St 

S.  C  Colton Fitz-Simons  &  Connell  Co.,  Tacoma  Block 

*T.  L.  Condron Cons.  Bridge  Eng.,  Monadnock  Block 

E.  L.  Cooley Sanitary  District 

Lyman  E.  Cooley Consulting  Engineer,  21  Quincy  St 
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Geo.  Espy Signal  Engineer,  C.  &  W.  I.  Ry. 

J.  H.  Eustace People's  Gas  Light  &  Coke  Co. 

C.  H.  Evans M.  E.,  145  Van  Buren  St. 

John  M.  Ewen Thompson  &  Starrett  Const.  Co.,  1402  Railway  Exchange 

M.  F.  Ewen Holabird  &  Roche,  1618  Monadnock  Block 

Wm.  B.  Ewing Hyd.  and  San.  Eng.,  138  Washington  St 

*Wm.  P.  Feeney C.  E.  and  Surveyor,  Room  408,  112  Clark  St. 

W.  L.  Fergus Cons.  Eng.,  Fisher  Building 

W.  H.  Ferguson Supt.  of  Const,  III.  Steel  Co. 

A.  W.  Fiero Rail  Insp.,  R.  W.  Hunt  &  Co. 

W.  H.  Finley Widell-Finley  Co.,  Monadnock  Block 

R.  E.  Fishburn Min.  Eng.,  36  Clark  St 

F.  W.  Fischer Architect  and  C.  E.,  9154  Commercial  Ave. 

C.  E.  Fitch Mech.  Eng.,  453  So.  Troy  St 

Charles   Fitz-Simons Fitz-Simons  &   Connell,  Tacoma   Bldg. 

Robert  Forsyth Cons.  Eng.,  Rookery  Bldg. 

C.   F.   Foster Cons.    Eng.,   Manhattan    Bldg. 

Jacob  T.  Foster Surveyor  and  C.  E.,  92  La  Salle  St. 

M.  M.  Fowler Western  Electric  Co. 

H.  Fox U.  S.  Engineer  Office 

J.  A.  Fox Chief  Eng.,  Cairo,  Memphis  &  So.  Ry. 

E.  A.  Franke Min.  Eng.,  519  Cleveland  Ave. 

N.   P.  Frandsen Structural  Eng.,  Schiller   Bldg. 

N.  D.  Eraser Chicago  Portland  Cement  Co.,  Stock  Ex.  Bldg. 

J.  A.  Fulton 184  La  Salle  St 

J.  L.  Fyfe (E.  C.  &  R.  M.  Shankland)  Rookery  Bldg. 

*J.  G.  Gabelman C.  E.,  96  Pierce  Ave. 

J.  Holt  Gates Mech.  Eng.,  1436  Monadnock  Block. 

R.  E.  Gaut Eng.  of  Bges..  111.  Cen.  R.  R. 

W.  R.  Geeting C  E.  and  Surveyor,  Room  408,  112  Clark  St 

Otto  Gersbach Asst  Eng.,  C.  W.  Hotchkiss,  401  La  Salle  Station 

L.  G.  Giaver D.  H.  Bumham  Co. 

Josiah  Gibson Bridge  Eng.,  1398  Wilton  Ave. 

R.  L.  GifFord President,  Illinois  Engineering  Co.,  Manhattan  Bldg. 

W.  J.  Gillingham Hall  Signal  Co.,  Monadnock  Block 

Wm.  Goltz Elec.  Eng.,  127  Fulton  St 

E.  B.  Gordon M.  E.,  40  Dearborn  St 

W.  E.  Grady Sanitary  District 

♦James  G.  Graff Surveyor,  108  County  Building 

B.  E.  Grant Hill  &  Grant,  Marquette  Bldg. 

A.  Gravelle Estimating  Dept.,  American  Bridge  Co. 

W.  F.  Graves Asst.  Eng.,  South  Side  Elev.  Ry. 

Elam  Gray Purdy  &  Henderson,  Monadnock  Block 

J.  C.  Gray Asst   Eng.,   111.  Central   Ry. 

♦Frederick  Greeley Surveyor,  Opera  House  Blodc 

♦Samuel  Greeley Surveyor,  Opera  House  Block 

A.  H.  Green 403  La  Salle  Ave 

F.  L.  Gregory M.  E.,  145  Van  Buren  St 

G.  J.  Griesenauer Cement  Tester,  C,  M.  &  St  P.  Ry. 

W.  T.  Griffith 225  Dearborn  St 

E.  Gudeman Chemical  Eng.,  704  Rialto  Bldg. 

Ossian  Guthrie 309  Chamber  of  Commerce 

H.  H.  Hadsall Asst.  Eng.,  111.  Central  Ry. 

♦E.  M.  Hagar Manager,  Cement  Dept,  Illinois  Steel  Co. 

J.  C.  Hain Eng.  of  Masonry  Const..  C,  M.  &  St  P.  Ry. 

Wm.  B.  Hale Eng.  of  Tests,  Western  Electric  Co. 

C.  F.  Hall M.  E.,  1642  Monadnock  Block 

C.  S.  Hall Eng.  of  Track  Elevation,  C.  &  N.  W.  Ry. 

A.  Hanson Elec.  Eng.,  Northwestern  Kiev.  Ry. 

W.  L.  Hardin Chem.  &  Min.  Eng.,  814  Monadnock  Block 
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A.  S.  Kent Div.  Eng.,  C,  I.  &  L.  Ry. 

Robert  Kerr Asst  Eng.,  111.  Central  Ry. 

Frank  C.  Kettler North  Works,  Illinois  Steel  Co. 

G.  H.  Kimball Chief  Eng.,  Chicago  &  Alton  Ry. 

C.  G.  Y.  King M.  E.,  Chicago  Edison  Co. 

C.  S.  Knapp Mech.  Eng.,  Pullman  Car  Co. 

G.  O.  Knapp Gas  Engineer,  157  Michigan  Ave. 

F.  J.  Koza Union  Traction  Co. 

W.  Kramer C.  E.  and  Surveyor,  108  La  Salle  St. 

W.  T.  Krausch Architect,  C,  B.  &  Q.  Ry. 

John  G.  Kreer North  Works,  Illinois  Steel  Co. 

Charles  L.  Krum Refrig.  Eng.,  39  N.  State  St 

R.  Kuntsman Mech.  Eng.,  84  Adams  St. 

J.  H.  Ladd 217  La  Salle  St 

N.  H.  La  Fountain Asst.  Supt  B.  and  Bldgs.,  C,  M.  &  St  P.  Ry 

*F.  C.  Lang Surveyor,  90  La  Salle  St. 

J.  B.  Latimer Signal  Eng.,  C.  B.  &  Q.  Ry. 

E.  N.  Layfield Chief  Eng.,  Chicago  Terminal  Transfer  Co. 

G.  A.  Lederle C.  E.  and  Contractor,  171  La  Salle  St 

B.  Layton Asst.  Eng.,  Indiana  Harbor  Ry.,  400  La  Salle  St  Station 

E.  H.  Lee Chief  Engineer,  C.  &  W.  I.  Ry. 

Henry  W.  Lee 

.  ..C.  R  and  Surv.,  209  Fink  Bldg.,  9140  Commercial  Ave.  (So.  Chicago). 

Wm.  Lee Asst.  Eng.,  Bureau  of  Sewers,  207  City  Hall 

Karl  Lehmann 112  Clark  St. 

P.  K.  Leonard Surveyor,  441  So.  Winchester  Ave. 

A.  M.  Levin M.  E.,  84  La  Salle  St 

Charles  Levings 6430  Yale  Ave. 

Almon  C.  Libby 84  Van  Buren  St 

G.  A.  M.  Liljencranz U.  S.  Engineer  Office 

A.  E.  Lindau .\sst.  Eng.,  Bge.  Dept.,  C,  R.  L  &  P.  Ry. 

Geo.  N.  Linday Am.  Bridge  Co.,  Monadnock  Blodc 

John  H.  Lindrooth Surveyor,  428  Cleveland  Ave. 

*R.  Link Ill  Madison  St 

C.  L.  Linley Cons.  Eng.,  1412  Marquette  Building 

F.  J.  Llewellyn Contracting  Manager,  American  Bridge  Co. 

T.  S.  Lloyd Gen.  Supt.  M.  P.,  C,  R.  I.  &  P.  Ry. 

H.  C.  Lothholz American  Bridge  Co. 

Jesse  Lowe Christie  &  Lowe,  171  La  Salle  St 

C.  F.  Loweth Eng.  and  Supt.  Bridges  and  Bldgs.,  C,  M.  &  St  P.  Ry. 

*F.  W.  Lucke 1202  Chamber  of  Commerce 

J.  W.  Ludlow Bridge  Dept,  C,  B.  &  Q.  Ry. 

Geo.  R.  Ludwig Monadnock  Block 

N.  E.  Lugoff 225  Dearborn  St„ 

W.  S.  MacHarg Cons.  Eng.  for  Intercepting  Sewers,  220  City  Hall 

Charles  Mac  Ritchie Cons.  Eng.,  21  Quincy  St 

Wm.  J.  McAllen 111.  Steel  Co.,  North  Works,  50  Wabansia  Ave. 

Peter  C  McArdle City  Cement  Tester,  City  Hall 

John  L.  McCalman 131  La  Salle  St 

Wm.  McCloy Asst.  Eng.,  111.  Central  Ry. 

T.  W.  McCoy Con.  Min.  Eng.,  125  La  Salle  St 

E.  McCullough C.  E,  609  Railway  Exchange 

B.  McKeen Eng.  of  Terminals,  Pennsylvania  Lines 

W.  S.  McKinney M.  E.,  Marquette  Building 

C.  McLennan 100  Washington  St 

P.  R.  MacNeille 1703  Railway  Exchange 

James  Macdonald Macdonald  Engineering  Co.,  Monadnock  Block 

I.  J.  Macomber Prof,  of  Elec.  Eng.,  Armour  Institute 

D.  W.  Maher Asst.  Eng.  Bd.  of  Pub.  Impts.,  City  Hall 

A.  T.  Maltby Cons.  Eng.,  279  Dearborn  St 
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H.  W.  Parkhurst Cons.  Bridge  Eng.,  111.  Central  Ry. 

A.  D.  Parrot C.  E,  and  Surieyor,  108  E.  24th  St 

F.  M.  Patterson Asst  Eng.,  C,  B.  &  Q.  Ry. 

Frank  Pavlicek Surveyor,  97  Clark  St 

J.  A.  Peabody Signal  Eng.,  C.  &  N.  W.  Ry. 

J.  P.  H.  Perry Bridge  Dept,  C,  B.  &  Q.  Ry. 

E.  H.  Pfaflin Eng.  of  Const,  Chicago  Sa  Ry. 

C.  W.  Pifer Asst  Eng.,  Illinois  Central  Ry. 

T.  G.  Pihlfeldt Bridge  Eng.,  Bureau  of  Engineering,  City  Hail 

Warton  Platner Surveyor,  100  Washington  St 

W.  C  Potter Min.  Eng..  1120  Rookery  Bldg. 

N.  D.  Pound Pound  Const  Co.,  Railway  Exchange 

A.  V.  Powell Cons.  Civ.  Eng.,  Chamber  of  Commerce 

W.  H.  Pratt Gen.  Supt,  N.  Works,  111.  Steel  Co. 

♦J.  T.  Price C.  &  N.  W.  Ry..  22  Fifth  Ave. 

J.  H.  Prior Bridge  Insp.,  1742  Monadnock  Block 

M.  W.  Priseler Ingersoll-Sergeant  Co.,  Old  Colony  Building 

F.  R.  Puder Chicago   Southern  Ry. 

S.  D.  Pugh Asst  Eng.,  Illinois  Central  Ry. 

Robert  Quayle Supt.  M.  Power,  C  &  N.  W.  Ry. 

♦T.  F.  Quilty Engineer  and  Contractor,  6  Wabash  Ave. 

F.  E.  Rainer 1510  Old  Colony  Bldg. 

Theodore  Rail 1744  Monadnock  Block 

Isham  Randolph Chief  Eng.,  Sanitary  District 

R.   I.   Randolph Sanitary   District 

W.  McC  Rapalje 218  La  Salle  St 

W.  Raster E.  C.  &  R.  M.  Shankland,  Rookery  Bldg. 

J.  A.  S.  Redfield Asst  Eng.,  C.  &  N.  W.  Ry. 

E.  O.  Reeder Asst.  Chief  Eng.,  C,  M.  &  St.  P.  Rv. 

Wm.  T.  Reeves Bridge  Dept,  R.  W.  Hunt  &  Co. 

A.  F.  Reichmann Res.  Eng.,  American  Bridge  Co. 

E.  J.  Relph Sig.  Eng.,  C.  R.  I.  &  P.  Ry. 

Wm.  Renshaw Supt  Mach.,  111.  Central  Ry. 

E.  A.  Renwick Holabird  &  Roche,  Monadnock  Blodv 

S.  A.  Reynolds El.  Eng.,  243  So.  Winchester  Ave. 

S.  A.  Rhodes El.  Eng.,  433  N.  Pine  Ave. 

G.  S.  Rice Cons.  Min.  Eng.,  734  Rookery  Bldg. 

L.  V.  Rice R.  W.  Hunt  &  Co..  Rookery  Bldg. 

B.  C.  Rich -'Ksst.  Eng.,  East  Chicago  Co.,  400  La  Salle  Station 

C.  S.  Riche Capt.,  U.  S.  A.,  U.  S.  Engineer  Oflfice 

Lewis  W.  Riddle Civil  Eng.,  2535  Indiana  Ave. 

Paul  K.  Richter 1201   Manhattan  Bldg. 

John  Ritchie Civ.  Eng.,  256  Monadnock  Block 

L.  E.  Ritter Ritter  &  Mott,  Marquette  Bldg 

*C.  N.  Roberts 97  Clark  St 

♦V.  B.  Roberts Surveyor,  Reaper  Block 

Warren  R.  Roberts Struc.  Eng.,  204  Dearborn  St 

A.  F.  Robinson Bridge  Eng.,  A.  T.  &  S.  F.  Ry 

E.  M.  Robinson Asst  Eng.,  C.  &  N.  W.  Ry 

J.  S.  Robinson Div.  Eng.,  C.  &  N.  W.  Ry 

A.  J.  Roewade Architect  and  C.  E,  1493  N.  Mozart  St 

C.  W.  Rogers Mech.  Eng.,  281  So.  Clinton  St 

F.  A.   Rogers Lewis   Institute, 

W.  A.  Rogers Bates  &  Rogers'  Const  Co.,  Manhattan  Bldg. 

W.  H.  Roney Const.  Eng.,  760  Monadnock  Block 

W.  H.  Rosencrans Chief  Civil  Eng.,  The  Arnold  Co.,  Marquette  Bldg. 

*F.  C.  Rossiter 1004  Van  Buren  St 

S.  M.  Rowe Engineer  for  Timber  Preservation,  364  Monadnock  Block 

♦Emil  Rudolph Surveyor,  Room  408,  112  Qark  St. 

C  H.  Ruel Chief  Eng.,  Chicago  Heights  Terminal  Transfer  Rv. 


802  Illinois  Society  op  Engineers  and  Surveyors. 

W.  L.  Stebbings Civ.  Eng.  and  Architect,  Monadnock  Block 

A.  K.  Stein 1342  No.  Western  Ave. 

E.  T.  Steinbeck Asst  Eng.,  111.  Central  Ry. 

L.  V.  Stiernberg 63  Market  St 

James  S.  Stephens Stephens  Engineering  Co.,  Rookery  Bldg. 

Isaac  F.  Stern Gen.  Inspector  of  Bridges,  C.  &  N.  W.  Ry. 

A.  C.  Stites Care  J.  V.  Norcross,  Marquette  Bldg. 

F.  L.  Stone Asst  Eng.,  C,  B.  6  Q.  Ry. 

J.  B.  Strauss Cons.  Eng.,  805  Opera  House  Block 

Charles  L.  Strobel Cons.  Bridge  Eng.,  Monadnock  Block 

C.  A.  Strom Mech.  Eng.,  111.  Central  Ry. 

W.  E.  S.  Strong Eng.  Dept,  Am.  Radiator  Co. 

Charles  F.  Sturtevant Civ.  Eng.,  279  Dearborn  St 

V.  C.  Suckow Mead  &  Morrison  Mfg.  Co.,  Grand  Crossing 

A.  H.  Summers Surveyor,  159  La  Salle  St 

B.  S.  Summers Chem.  Eng.,  430  Rookery  Bldg. 

L.  L.  Summers Con.  Eng.,  First  Nat  Bank  Bldg. 

John  H.  Sutter Const.  Eng.,  1126  Stock  Exchange  Bldg. 

J.  M.  Sweeney Steel  Cable  Eng.  Co.,  Marquette  Bldg. 

L.  W.  Tatum Min.  Eng.,  N.  Y.  Life  Bldg. 

H.  P.  Thompson Mech.  Eng.,  445  W.  46th  St 

F.  H.  Todd Cons.  Eng.,  Fisher  Bldg. 

Wm.  M.  Torrance Asst  Eng.,  111.  Central  Ry. 

F.  A.  Torrey Asst.  Supt  M.  Power,  C,  B.  &  Q.  Ry. 

W.  J.  Towne .Div.  Eng.,  C.  &  N.  W.  Ry. 

♦E.  E.  R.  Tratman C.  E.,  Editor  "Engineering  News,"  Monadnock  Block 

O.  J.  Travis Illinois  Central  Ry. 

Harry  M.  Trippe Bridge  Dept,  C.  &  N.  W.  Ry. 

♦I.  W.  Troxel Chief  Eng.,  I.,  I.  &  M.  Ry.,  Rookery  Bldg. 

H.  Trueman Morden  Frog  Co.,  Rookery  Bldg. 

M.  K.  Trumbull Prin.  Asst  Eng.,  C.  &  W.  I.  Ry. 

A.  L.  Tucker El.  Eng.,  259  So.  Clinton  St 

E.  E.  Tucker Civ.  Eng.,  163  Randolph  St. 

G.  A.  Tumbull Civ.  Eng.,  1538  Monadnock  Blodc 

A.  Twyman Civ.  Eng.,  Pullman  Bldg. 

Martin  Van  Allen 69  Dearborn  St 

C.  R.  Van  Brunt Asst  Eng.,  C,  B.  &  Q.  Ry. 

H.  E.  Vanderlip Cons.  Engineer,  134  Monroe  St 

O.  H.  Vanderlip Ry.  and  Mun.  Surveys,  163  Randolph  St 

W.  Van  Valkenburg Surveyor,  119  La  Salle  St. 

G.  W.  Vaughn Eng.  of  Track  Elevation,  Chi.  &  Alton  Ry. 

F.  G.  Vent. Asst  Eng.,  C,  M.  &  St  P.  Ry. 

F.  K.  Vial Mech.  Eng.,  Griffin  Car  Wheel  Co. 

C.  W.  Vilin 273  So.  Peoria  St 

C.  Vodoz Surveyor,  113  Dearborn  St 

Emil  P.  Voisard 315  Dearborn  St 

G.  M.  Waite Chamber  of  Commerce 

F.  E.  Walker 279  Dearborn  St 

H.  U.  Wallace,  Chf.  Eng., Thomas  Phee  &  Co.,  Contractors,  Grand  Cent.  Sta. 

S.  A.  Wallace Joint  Track  Elev.,  6359  Yale  Ave. 

W.  A.  Wallace Div.  Eng.,  C,  I.  &  L.  Ry. 

Edward  Walther Architect  and  C.  E.,  Logan  Square 

O.  P.  Ward 1211  Monadnock  Block 

A.  C.  Warren Hoeffer  &  Co.,  Chamber  of  Commerce 

G.  C.  Waterman 94  La  Salle  St 

H.  H.  Waterman Architect,  218  La  Salle  St 

W.  L.  Webb Div.  Eng.,  C,  M.  &  St  P.  Ry. 

M.  L.  Webber Civil  Eng.,  138  Washington  St 

Carl  Weber Concrete-Steel  Const,  69  Grant  Place 

W.  R.  Weidman Civil  Eng.,  255  La  Salle  St 
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NOTICES 

(See  also  page  8.) 


ANNUAL  MEETING.  1906 

The  Twenty-first  Annual  Meeting  will  be  held  at  Rockford, 
Illinois,  on  January  17,  1 8  and  19,  1906. 

A  meeting  of  the  Executive  Committee  will  be  held  in  Octo- 
ber to  make  the  preliminary  arrangements. 


ADVERTISEMENTS 

A  large  and  varied  list  of  Advertisements  accompanies  this 
Report,  and  members  are  asked  to  look  these  ovei:,  as  being  in- 
teresting and  instructive  as  well  as  commercially  useful. 

Members  are  requested  also  to  write  these  advertisers  when 
wanting  prices,  materials  or  information. 

When  writing  to  them  please  mention  that  you  have  seen 
their  advertisements  in  the  Report  of  the  Illinois  Society  of 
Engineers  and  Surveyors. 

See  Classified  List  of  Advertisements,  page  205. 
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University  of  Illinois 

President^  Edmund  J.  James 


This  University  comprises  the  following  colleges,  schools 

and  experiment  stations! 

College  of  Literature  and  Arts.  College  of  Engineering, 
College  of  Science,  College  of  Agriculturct 

College  of  Law,  College  of  Medicine, 

Graduate  School,  School  of  Library  Science, 

School  of  Music,  School  of  Pharmacy, 

School  of  Dentistry, 
U.  S.  Agricultural  Experiment  Station, 

Station. 


The  College  of  Engineering  offers  seven  professional  courses^  each 

requiring  four  years  of  study  and  worki 

L  Architecture. 

2«  Architectural  Engineering. 

3.  Civil  Engineering. 

4.  Electrical  Engineering. 

5.  Mechanical  Engineering. 

6.  Municipal  and  Sanitary  Engineering. 

7.  Railway  Engineering. 


Address  for  information,  catalogues,  special  circulars,  etc. 

W.  L.  Pillsbury^  Registrar 
URBANA,  ILLINOIS 
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STREET  IMPROVEMENT, 

SCHOOL 
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to  Your  Work 

Trowbridge  &  Niver  Go. 

First  National  Banic  Buildinfl 
CHiCAGO 
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ENGINEERING  NEWS 

A  JOURNAL  OF  CIVIL,  MECHANICAL,  MINING  AND 
ELECTRICAL  ENGINEERING.    FOR  ENGINEERS, 
CONTRACTORS  AND  SUPPLY  FIRMS 

$5.00  a  Year  $1.00  for  10  Weeks 

PUBLISHED   EVERY    WEEK 
A    SAMPLE   COPY    WILL    BE    SENT    ON    REQUEST 


PROPOSAL    ADVERTISEMENTS 

Engineers  planning  new  work  and  wanting  bids  for  construction  and 
materials  are  invited  to  send  particulars  for  items  in  our  Construction  News 
pages.    No  charge  is  made  for  this. 

When  ready  to  call  for  bids  for  doing  the  work  or  furnishing  supplies, 
an  advertisement  in  ENGINEERING  NEWS  is  the  most  economical  an- 
nouncement, as  nearly  every  prominent  contractor  and  supply  firm  reads  the 
paper  purposely  to  see  these  advertisements. 

The  rate  is  only  $2.40  per  inch  per  insertion. 


A    BUYER'S    GUIDE 

Has  just  been  issued,  and  buyers  of  machinery  and  engineering  and  con- 
tracting supplies  will  find  this  a  very  handy  and  useful  book.  It  has  nearly 
200  pages. 

A  copy  will  be  sent  free,  on  request. 


THE  ENGINEERING  NEWS  PUBLISHING  CO. 

220  Broadway,  NEW  YORK,  N.  Y. 

CHICAGO  OFFICE: 1636  MONADNOCK  BLOCK 
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